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Change Log xi

PDS Standards Reference Change Log

Version Section Change
3.1 1.1 PDS Data Policy added
2.3 Reference coordinate standard expanded to support body-

fixed rotating, body-fixed non-rotating, and inertial
coordinate systems.

2.4 Ring coordinate standard added.

3.0 List of internal representations of data types moved to
Appendix C

3.2 EBCDIC_CHARACTER added to PDS Standard data types

523 Minimal label option described

6.3 Data set collection naming -- data processing level component

made optional

6.4 Data set naming -- added support for SPICE and Engineering,
where no instrument component applies

10.0, ALL PDS use of UNIX/POSIX forward slash separator for path
names. VMS-style bracket notation replaced.

10.2.1 Required file names for catalog objects included

12.5.4.2 PDS use of double quotes clarified

13.2 Use of Primitive objects described

14 New chapter -- Pointer Usage

17 New chapter -- PDS Usage of N/A, UNK, and NULL

19 Logical Volume organization added

Appendix A Primitive Objects added

Appendix A Header object -- required and optional keyword lists changed

Container object -- Column no longer a requried sub-object



xii Change Log

Appendix B Streamlined Catalog Object Templates with examples replace
3.0 set
Appendix C New appendix containing internal representations of data

types (moved from Chapter 3)

Appendix D Outline and example for AAREADME.TXT added

Appendix E Version 3.0 Acronyms and Abbreviations modified and
moved to this Appendix. Spelling and Word Usage section
deleted.

Index The document now features an index.

ALL No other substantive changes have been made to the

standards since the release of Version 3.0. Throughout the
document, clarifications have been made, typos corrected,
some sections have been rearranged, and new examples have

been supplied.
Version Section Change
32 Release Date: 7/24/95
5.1.2 Label format discussion added

Noted that values in labels should be upper case (except
descriptions). Fixed examples in Appendix A.

5.2.3, Appendix A Noted that for data products using minimal labels,
DATA_OBJECT _TYPE =FILE in the Data Set Catalog
Template

6 Added target IDs for DUST and SKY

Added instrument component values SEDR and POS
Noted that Data Set and Data Set Collection IDs and Names
should be upper case. Fixed examples.

8 and 19 Listed CALIB and GEOMETRY as recommended directory
names (as opposed to required).

8.2 SOFTWARE Subdirectory naming recommendation added

9.1 Volumes may contain multiple versions of VOLINFO



Change Log

9.2.1

10.1

10.2

10.2.3 and 5.1

11.1.1

11.1.2

11.1.3

14.1.2

15

15.1

15.3

15.5

17.2

18

xiii

Increased maximum line length in text file to 78 characters
plus CR/LF

Clarified file name spcification. Noted that file name must be
upper case and that full stop character required

Added recommendation that file extension identify the data
type of a file.

Added .QUB as reserved file extension for spectral image
qubes.

Added SPICE file extensions to reserved file extension list.
catalog pointer name and file name: SWINV.CAT

Added LABINFO.TXT to list of required xxxINFO.TXT files.
Added recommended xxx INFO.TXT file names for
SOFTWARE subdirectories.

added note that detached label file (*.LBL) should have the
same base name as the associated data file

Added PDS Extended Attribute Record (XAR) policy

Added recommendation that CDs be premastered using single-
session, single-track format.

Added section on Packaging Software files on a CD-ROM
Added new example of structure pointer

Added recommendation that for VAX/VMS-compatible CDs,
fixed length and variable length files be an even number of
bytes. Removed reference to VMS restriction to an even

number of bytes in section 15.2

Removed discussion of use of BLOCK _BYTES and
BLOCKING_TYPE (since this data element not in PSDD)

Added notation that CR/LF is required line terminator for
PDS label and catalog files

Reworded first sentence.

Allow definition of numeric constants representing N/A,
UNK, and NULL to be defined for use in an INDEX table.

replaced reference to PDS V1.0 with a general statement



X1V

19

19

19.2

19.3

19.3

19.4, Appendix A

19.5.1

Appendix A

Appendix A

Appendix A

Appendix A

Appendix A

Appendix A

Appendix B

Appendix B

Appendix D

Appendix D.1

Change Log

Added SOFTWARE subdirectory recommendations
Recommend that an archive volume be based on a single
version of the PDS standards. Volume organization guidelines

added.

Clarified requirements for files & directories when logical
volumes used

INDEX table standard update

use of axx- and bxx- prefixes in required file names
clarified

fixed examples--Volume and Volume set names capitalized
Volume set ID formation rule modified.

updated COLUMN, BIT COLUMN, and HISTOGRAM
objects required and optional keyword lists to be consistent
with Table 3.1

Added ALIAS and INDEX TABLE objects

Added examples of COLUMN objects having ITEMs
Clarified use of ROW_SUFFIX BYTES and
ROW_PREFIX BYTES for SPARE fields in Tables with

fixed length records

Clarified the requirements for VOLUME objects for Logical
volumes

Fixed examples using HEADER object to conform to current
standard. Modified description of Header object to eliminate
confusion..

Inventory, Software Inventory and Target templates added

Removed incorrect example of use of Personnel template

INDXINFO.TXT and SOFTINFO.TXT outlines and
examples added

Modified example of AAREADME.TXT to include rules on
how pointer statements are resolved.
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Version

3.3

Appendix E and F

ALL

Change Log

Section

1.0
1.3
1.6
1.7
2.0

23
2.7
3.4
3.7
4.0
4.1
5.1.2

522
523
53.1
532
533
5332
534
53.4.1
5343
53.5

53.6
53.7

6.0
6.1

XV

Added Appendix E - NAIF Toolkit Directory Structure.
Acronyms and Abbreviations moved to Appendix F.

corrected typos, clarified text, added rationale for some
standards, updated examples to conform to latest standards

Version 3.1 change log updated--some items were missing
Change
Release Date: 6/1/99

Added DVD as new medium

Changed Version to 3.3

Updated/corrected references

Added reference to PDS web page

Added definition for IAU

Clarified text

Corrected punctuation

Fixed punctuation for references

Corrected punctuation

Corrected spelling and punctuation

Added Section headers for Primary & Secondary Objects
Corrected paragraph formatting

Added paragraph about ASCII character set

Added paragraph about Label Padding

Fixed math in calculating start byte of 8th record
Aligned keyword/values

Corrected grammar

Removed "’"in the Data Set catalog template.
Changed Version to 3.3

Modified last paragraph

Listed examples of primary and secondary objects
Changed "bottom’ to ’following’

Removed AMMOS as an example

Removed SPACECRAFT NAME as valid keyword
Removed SPACECRAFT NAME as valid keyword.
Changed PDS has developed and continues to develop...
Added example for a pointer ("\DESCRIPTION)
Aligned keyword/values

Clarified statement

Changed: needed for conformance

Prioritized organizations that PDS works with
Provided definition for Data Set Collection and removed
MGN example.
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Corrected spelling (considerations) and punctuation

6.2 Added acronyms for data set name and identifier
6.3 Changed paragraph from future tense to past tense
6.4 Section 5 - comets

Section 6 - added acronyms to list
Section 6 - corrected spelling (ephemeris)
Section 7 - corrected spelling (gravity)
Section 8 - clarified version number rules

7.0 Updated paragraph
7.1 Clarified statements about date/time formats
7.2.1 Added PDS preference for convention
7.3.1 Corrected grammar
Reformatted paragraph
7.3.2 Corrected grammar
Updated paragraphs
8.1 Corrected grammar (standards directory)

Added EXTRAS directory

Added Browse and Data directory descriptions
8.2 Section 4 - Better examples of directory names

Section 5 - Reformatted paragraph

Section 8 - Corrected spelling and grammar

8.3 Changed to valid keywords

8.4 Corrected grammar (data are)

9.0-933 Complete rewrite of Documentation Standard
Added HTML standards

10.0 - 10.1 Added ISO 9660 Level 2 description
Added ";1" to Level 1 description

10.2.1 Clarified required file names paragraphs
Added TARGET CATALOG pointer to list

10.2.2 VOLDESC.SFD file becomes deprecated

10.2.3 Described detached label
Corrected grammar (its)

10.2.4 Added extensions and changed SPICE extensions
Corrected spelling (postscript) and grammar (data that have)

11.1.1 Changed chapter name

12.1 Aligned equal signs

12.1.1.1 Added reference

12.2 Reformatted paragraph

12.3 Spelling

12.3.1 Corrected punctuation (1.234E2)

12.3.1.2 Corrected value (16#+4B#)
Reformatted paragraph

12.3.1.3 Corrected value (1.234E3)

12.3.2 Updated paragraphs

12.3.2.1 Clarified date format

12.3.2.3 Clarified paragraph
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12.3.2.4
12.3.2.5
12.3.2.5.1
12.3.3.1
12.34
12.3.5
12.4
12.4.1

12.4.2
12.5.2

12.5.3.1

12.5.4

12.5.4.1
12.5.5

12.5.6

12.6
12.7
12.7.1
12.7.2
13.1
14.1.1
14.1.2

14.2
15.0
15.2
15.3
16.0
16.2

17.1
17.1.2
17.2
18.0
19.1

19.3

xvil

Changed year to 4 digits

Updated paragraph

Corrected value (1990-158T15:24:127)
Corrected value ("::=")

Added examples

Corrected punctuation and grammar (units)
Corrected punctuation

Corrected grammar (the the)

Aligned equal signs

Aligned equal signs

Reformatted asterisks to not be superscript
Corrected value (60.15)

Corrected grammar (affect)

Reformatted paragraphs

Corrected value (10)

Added valid quoted strings

Clarified paragraph

Reformatted asterisk to not be superscript
Corrected spelling (eccentricity)
Changed to valid keyword

Corrected value (removed 1st bracket "[")
Changed to valid keyword

Reformatted paragraphs

Reformatted paragraphs

Corrected grammar (sections detail)
Corrected grammar ("is that are")

Added required keywords to definition
Corrected grammar (occurs)

Corrected punctuation

Corrected value ("STRUCTURE)
Changed paragraph numbering
Reformatted pointer rules

Reformatted paragraph and table
Changed paragraph numbering

Changed paragraph numbering

Corrected grammar

Clarified paragraph

Changed case of #mark#

Changed case of title (and)

Corrected punctuation (information)
Corrected case of title (and)

Corrected SI Units (electricity potential, etc)
Updated paragraph

Corrected grammar (volume types)
Corrected grammar (up to the)

Corrected grammar (an SFDU)
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19.4.1

19.5

19.5.1

19.7

20.0 - 20.6
Appendix A

Al

A2

A3

A5

A7
A8
A.10
A.ll

A.12

A.13
A.14

A.l5

A.l16

A.18
A.19

Change Log

Corrected spelling (global)

Updated Catalog and Index definitions

Added description of the EXTRAS directory

Added Preferred Method for supplying PDS catalog objects
Corrected grammar (data have been)

Changed case of value (ID)

Corrected spelling (radiometry)

Corrected value (VOLUME _SET NAME)

Corrected value (VOLUME_SET 1ID)

Reformatted paragraph

Corrected case of value (IDs)

Complete rewrite of Zip Compression

Added URL to Cold Fusion pages

Updated definition for ALTAS

Corrected spelling (subobject)

Added and changed Optional keywords

Reformatted paragraphs

Corrected spelling (the time)

Changed Optional keywords

Corrected spelling (created)

Added TARGET to Optional Objects

Clarified use of CATALOG.CAT

Formatted paragraph

Formatted paragraph

Changed Optional keywords

Updated paragraph

Changed case of keyword values to uppercase
Corrected grammar (on a)

Corrected grammar (on the medium)

Removed incorrect statements

Updated example

Changed Optional keywords

Removed a Required keyword

Added Optional keywords

Changed value to keyword (GAZETTEER _TABLE)
Corrected grammar (the breath & upper right)

Added Optional Keywords section

Added Optional Objects section

Added trailing double quote to DESCRIPTION section
Corrected paragraph to reflect proper file name
Changed value to be enclosed in double quotes

Added Required and Optional Keywords and Objects sections
Added BAND NAME keyword

Added Optional keyword

Changed values to be keyword (CHECKSUM)
Changed values to be keyword (SCALING FACTOR)
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A.20

A21

A23

A24

A26

A27

A28

A.29

Appendix B

B.1

B.2

B.3

B.4

B.5

B.6

B.7

B.8
B.10

Appendix C

XiX

Changed paragraphs

Changed case of keyword values to uppercase
Reformatted paragraphs

Removed Optional Keyword

Added Optional Objects

Corrected example (see additional example in A.27.1)
Added example for CORE ITEM TYPE

Corrected FILE_ RECORDS to be accurate
Corrected invalid keyword (SUB_SOLAR AZIMUTH)
Corrected grammar (data that vary)

Corrected grammar (data are)

Corrected punctuation (The Tookit)

Corrected grammar (meta-data which are)

Updated section numbers to reflect location (spares)
Repaired examples (byte lengths)

Line length to 72 chars

Added Required and Optional Objects

Repaired example

Updated Optional keyword

Changed case of keyword values to uppercase
Changed paragraph

Changed text description length to be 80 characters from 72
Added text formatting standards

Corrected punctuation

Repaired example

Reformatted paragraph

Reformatted and repaired example

Corrected spelling (DESCRIPTION)

Reformatted paragraph

Reformatted and repaired example

Corrected spelling (description & instrument)
Reformatted paragraph

Reformatted and repaired example

Corrected grammar (properties of the)

Reformatted paragraph

Reformatted and repaired example

Repaired example

Reformatted paragraph

Reformatted and repaired example

Repaired example

Corrected spelling (package)

Replaced example of SOFTWARE INVENTORY template
Corrected grammar (target catalog)

Corrected grammar (SURFACE_GRAVITY)
Repaired example

Minor corrections throughout text



XX
C5
C.10
Appendix E
Appendix F
Appendix G
Version Section
34

Change Log

Corrected spelling (exponent-as-stored)
Corrected spelling (imaginary)
Corrected sentence (source code for)
Corrected spelling (spacit)

Corrected grammar (These data are)
Corrected punctuation

Corrected CD-WO nomenclature
Added DE (Data Engineer)

Corrected spelling (Principal)

Added SAVED Data as new section

Change

Release Date: 06/15/2001

Technical editing of the entire document (Chapters 1-20, Appendices A-G) was performed by Anne Raugh under
contract to JPL. This editing focused on correcting awkward language, making examples consistent with the text,
clarifying apparent internal inconsistencies, and in general ensuring a more readable document. Substantive changes
to the standards themselves were specifically prohibited. Document changes made by Raugh were reviewed by Lyle
Huber (ATMOS) and Ron Joyner (CN). Cases in which the intention of the original document could not be
determined by the above team were referred to Steve Hughes (CN), who acted as both historian and final arbiter.

On May 04, 2001, Ann Raugh, Richard Simpson, Lyle Huber, Steve Hughes, and Ron Joyner met at New Mexico
State University to discuss and arbitrate the final set of changes to be incorporated into this document.

Version Section

3.5

19.4.1
19.5.1
B.1.6
B.7.1

B.31

Version Section

3.6

3.1
32
3.8

Change
Release Date: 10/15/2002

Changed length of VOLUME_ID from 9 chars to 11 chars
Changed formation rule for VOLUME_ SET 1D

Modified to include ARCHIVE _STATUS keyword
Modified to include ARCHIVE _STATUS keyword

Modified to include DATA SET TERSE DESC keyword
Amended Reference section to include more definitive
language on what is appropriate to cite, what is not, and how
to cite each type of reference.

Change

Release Date: 08/01/2003

Modified to include FIELD data element
Modified to include FIELD data element
Modified to include SPREADSHEET object



Change Log

Version

3.7

4.0
5.5
5.5.1
552
553
7.3.1
7.4(6)
10.2.3
12.2.3
1242

12.6
19.3.3.2

A25

A13.2.1

A.14

A.15 thru A.26
A.15.5

A.17.5

A25

A27

A234

A245

A255

A26.5

A.28 thru A.30
A284.1
A.285.1.3
B.1.6

B.7.1

B.7.5.3
B.7.5.4

Section

Xxi

Modified to include SPREADSHEET as primary object
Added definition for Locally Defined Data Elements

Added Justification for Locally Defined Data Elements
Added Identification for Locally Defined Data Elements
Added Review and Use of Locally Defined Data Elements
Modified 1* two paragraphs to clarify GMT/UTC relationship
Added Note for Greenwich time

Modified list to include CSV as reserved file extension
Modified use of Colon in assignment statements (namespace)
Modified to include namespace identifier:element identifier

Modified to include namespace identifier:element identifier
Modified to include Optional use of Data Dictionary Files

Removed ‘Z’ from time value

Added Note for PARMS as alias to PARAMETERS group
Added FIELD object (sub-object of SPREADSHEET)
Renumbered sections (the old A.14 became A.15, etc)
Removed ‘Z’ from time value

Removed ‘Z’ from time value

Modified UTC / GMT for LEAPSECONDS

Added SPREADSHEET object

Removed ‘Z’ from time value

Removed ‘Z’ from time value

Removed ‘Z’ from time value

Removed ‘Z’ from time value

Renumbered sections (the old A.27 became A.28, etc)
Removed ‘Z’ from time value

Removed ‘Z’ from time value

Modified to include CITATION DESC data element
Modified to include CITATION DESC data element
Modified to include CITATION DESC formation rule
Renumbered from B.7.5.3

Change

Release Date: 03/20/2006

This update of the document focused almost entirely on updates to standards in response to approved Standards

Change Requests (SCRs). A few typographical errors were also fixed.

1.7

3

4

4
5.2.1

Changed hyperlink (http://pds.jpl.nasa.gov) to regular text
format.

Corrected chapter title in header on even numbered pages by
changing "Definitions" to "Values".

Corrected chapter title in header by changing "Data Products"
to "Data Objects and Products".

Added "QUBE" to list of primary data objects.

Updated Figure 5.2 to include DD VERSION ID in response
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522

523.1
5232

5.3.1

73.2

8.2

8.3

10

10.1.1

10.1.2

10.2.3

12.4.5

12.7.3

13

13.2
13.2.1

20

A

A25
A.26-A31
A28

B.1.3

B.1.6

Change Log

to SCR 3-1021; also added LABEL REVISION NOTE.
Updated Figure 5.3 to include DD VERSION _ID in response
to SCR 3-1021; also added LABEL REVISION NOTE and
corrected a few typographical errors ("FILE RECORD" to
"FILE RECORDS", "Detached" to "detached", spaces
inserted before and after "/", alignment of bullets corrected).
Changed "identifier" to "identifiers".

Changed "identifier" to "identifiers". Modified Figure 5.4 to
match format of Figures 5.2 and 5.3; added

DD _VERSION ID in response to SCR 3-1021 and added
LABEL_REVISION_NOTE.

Added new paragraph describing DD VERSION ID and
added keyword to two examples in response to SCR 3-1021.
Changed point 6 to disallow alternate zones in response to
SCR 3-1023.

Modified point 2 to clarify ISO 9660 Level 2 usage in
response to SCR 3-1006.

Modified first paragraph from “Level 1” to “Level 2” and
“eight characters” to “31 characters” in response to SCR 3-
1006.

Deleted “only” from third paragraph in response to SCR 3-
1006.

Removed final sentence of first paragraph in response to SCR
3-1006.

Modified first paragraph from "with one exception:" to "with
the exception that" and fourth paragraph from "file name
specification" to "file and directory name specifications" in
response to SCR 3-1006.

Updated IMQ definition to indicate exception for JPEG 2000
images, and added JP2 definition in response to SCR 3-1003.
Removed point 2 which precluded the use of GROUPs within
OBJECTs in response to SCR 3-1037.

Fixed typographical error in point 16 (“AnEND” to “An
END”)

Modified point 14 to provide additional clarification and
reference to chapter 7 in response to SCR 3-1023.

Fixed typographical error in point 16 (“AnEND” to “An
END”)

Fixed header by adding "/ Groups" to chapter title.

Removed page break before 13.2.

Removed point 2 which precluded the use of GROUPs within
OBJECTs in response to SCR 3-1037.

Chapter 20 (Zip Compression) is now included as section 6 of
Appendix I (Data Compression Formats), in response to SCR
3-1003.

Corrected spelling of "SHREADSHEET" in chapter contents.
Added new section describing SPECTRAL QUBE object in
response to SCR 3-1037.

Appendices A.25 through A.30 renumbered in response to
SCR 3-1037.

Corrected spelling of section title from "SHREADSHEET" to
"SPREADSHEET".

Modified to include DATA SET MISSION catalog object in
response to SCR 3-1028.

Modified to include DATA SET MISSION catalog object in
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to-date with underlying reference frames and coordinate
systems approved by various external authorities. (Work
performed and approved directly by MC.)

Added text prohibiting multiple instances of keywords within
a given label context in response to SCR3-1126.

Added Frames Kernel to the list in subsection 6 in response to
SCR 3-1051.

Numerous changes made to clarify preferred PDS date/time
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New section on leap seconds added in response to SCR 3-
1103.
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SCR 3-1144.

Added trailing slashes to the examples in response to SCR 3-
1107.

Added distinction between naming standards for physical and
electronic media deliveries and added section entitled
“Electronic Transfer and Storage of Archives” in response to
SCR 3-1144.

New section added in response to SCR 3-1144.

Added .FIT and .FTS to Table 10.1 and added second
paragraph in response to SCR 3-1129. Added .TF to Table
10.1 in response to SCR 3-1051. Modified text to point to
Table 10.1 on following page, rather than immediately
following the second paragraph. Corrected the reference to
chapter 9.

First paragraph modified and new section, “Electronic
Transfer and Stoage of Archive” added in response to SCR 3-
1144.

Removed the first sentence of the second paragraph in
response to SCR 3-1133.

Added text to the first paragraph prohibiting multiple
instances of keywords within a given label context in response
to SCR3-1126. Also changed “asignment” to “assignment”.
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to SCR3-1126.

Corrected BNF notation for 2D sequences, fixed example of
1D sequence and added 2D example in response to SCR 3-
1087.

Removed extraneous “and” from point 3b.

Added missing contents of INDEX directory.

Under “PDS Methodology for Supplying...”, changed refered
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figure.
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changed references to Figure 19.6 to 19.5.

Renamed Figures 19.6 to 19.5.

In first label example, dropped time portion of value for
product_release date in response to SCR 3-1117.

Additional text added to final paragraph to clarify usage of
LINE and SAMPLE DISPLAY DIRECTION keywords in
response to SCR 3-1130.

Added LINE and SAMPLE DISPLAY DIRECTION to list
of optional keywords in IMAGE object in response to SCR 3-
1102.

Added optional sub-object WINDOW to IMAGE object in
response to SCR 3-0004.

Added text to table column “Values” for keywords LINE and
SAMPLE DISPLAY_ DIRECTION to clarify their usage in
response to SCR 3-1130.
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Chapter 1. Introduction

In order for planetary science data to be useful to those not directly involved in its creation, sup-
porting information must be made available with the data to allow effective use and
interpretation. The exchange of data is increasingly important in planetary science; thus there is a
need for establishment and enforcement of standards regarding the quality and completeness of
data. Electronic communication has become more sophisticated, and the use of new media (such
as CD-ROMs and DVD) for data storage and transfer requires additional formatting standards to
ensure long-term readability and usability. To these ends, the Planetary Data System (PDS) has
developed a data set nomenclature consistent across discipline boundaries, as well as standards
for labeling data files.

1.1  PDS Data Policy

Only data that comply with PDS standards will be published in volumes labeled “Conforms to
PDS Standards”. When the PDS assists in the preparation of data published in a non-compliant
format, PDS participation should be acknowledged with the statement such as “funded by PDS”.
The PDS Management Council makes decisions on compliance waivers. Non-compliant data
sets will be incorporated into the PDS archives only under unusual circumstances.

1.2 Purpose

This document is intended as a reference manual for use in conjunction with the PDS Data
Preparation Workbook and the Planetary Science Data Dictionary. The PDS Data Preparation
Workbook describes the end-to-end process for submitting data to the PDS and gives instructions
for preparing data sets. In addition, a glossary of terms used throughout the documentation is
included as an appendix to the Workbook. The Planetary Science Data Dictionary (PSDD)
contains definitions of the standard data element names and objects. This Standards Reference
defines all PDS standards for data preparation.

1.3  Scope

The information included here constitutes Version 3.8 of the Planetary Data System data
preparation standards for producing archive quality data sets.

1.4 Audience

This document is intended primarily to serve the community of scientists and engineers
responsible for preparing planetary science data sets for submission to the PDS. These include
restored data from the era prior to PDS, mission data from active and future planetary missions,
and data from earth-based sites. The audience includes personnel at PDS discipline and data
nodes, mission principal investigators, and ground data system engineers.
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1.5 Document Organization

The first chapter of this document, “Chapter 1 — Introduction”, provides introductory material
and citations of other reference documents. The remaining chapters provide an encyclopedia of
data preparation standards, organized alphabetically by standard title.

1.6 Other Reference Documents
The following references are cited in this document:

* Batson, R. M., (1987) “Digital Cartography of the Planets: its Status and Future”, Photo-
grammetric Engineering & Remote Sensing 53, 1211-1218.

* Davies, M.E., et al. (1991) “Report of the IAU/IAG/COSPAR Working Group on Carto-
graphic Coordinates and Rotational Elements of the Planets and Satellites: 19917,
Celestial Mechanics, 53,377-397.

* Greeley, R. and Batson, R.M. (1990) Planetary Mapping, Cambridge University Press,
Cambridge, 296p.

* Guide on Data Entity Naming Conventions, NBS Special Publication 500-149.

* Planetary Science Data Dictionary, JPL D-7116 Rev D, July 15, 1996, (Available from
the PDS).

* Planetary Data System Data Preparation Workbook Version 3.1, JPL D-7669 Part 1, Feb-
ruary 17, 1995, (Available from the PDS)

* Issues and Recommendations Associated with Distributed Computation and Data
Management Systems for the Space Sciences, National Academy Press, Washington, DC,
111p.

International Standards Organization (ISO) References:

* ISO 9660:1988 “Information Processing - Volume and File Structure of CD-ROM for
Information Exchange”, April 15, 1988.

e [SO 646:1991 ASCII character set.

* ISO 8601:1988 “Data Element and Interchange Formats — Representations of Dates and
Times”

SFDU and PVL References:

e Standard Formatted Data Units - Structure and Construction Rules, CCSDS 620.0-R-
1.1c, May 1992.
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* Standard Formatted Data Units - A Tutorial; CCSDS 620.0-G-1, May 1992.
* Parameter Value Language Specification (ccsd0006); CCSD 641.0-R-0.2, June 1991.
* Parameter Value Language -- A Tutorial; CCSDS 641.0-G-1.0, May 1992.

1.7 Online Document Availability

The Planetary Science Data Dictionary, Planetary Data System Data Preparation Workbook,
and this document, the Planetary Data System Standards Reference, are available online.
Information on accessing these references may be found on the PDS website at the following
URL:

http://pds.jpl.nasa.gov

To obtain a copy of these documents or for questions concerning these documents, contact the
PDS Operator (at PDS OPERATOR@)jpl.nasa.gov, 626-744-5579) or a PDS data engineer.

The examples provided throughout the chapters and appendices are based on both existing and
planned PDS archive products, modified to reflect the current version of the PDS Standards.
Data object definitions are refined and augmented from time to time, as user community needs
arise, so object definitions from products designed under older versions of the Standards may
differ significantly. To check the current state of any object definition, consult a PDS data
engineer or this URL:

http://pdsproto.jpl.nasa.gov/ddcolstdval/newdd/top.cfm

Additional examples may be obtained by contacting a Data Engineer.
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Chapter 2. Cartographic Standards

2.1 Introduction

To facilitate use, exchange and integration of its products, the PDS follows accepted planetary
cartographic standards for data products where they exist. Because such standards evolve as new
data and knowledge are acquired, there are advisory groups charged with developing and
periodically updating standards for coordinate systems. All data providers for PDS products
should follow accepted standards and be aware of current NASA and international
recommendations on cartographic coordinate systems and conventions relevant to their bodies of
interest. An absolute requirement for all PDS products is that relevant coordinate systems and
frames be clearly specified in product labels and supporting documents. This chapter specifies,
as of late 2008, the authoritative sources for international cartographic standards, provides a
summary of major cartographic elements to which those standards apply, and identifies the
primary standards that PDS has adopted.

2.1.1 International and NASA Advisory Groups for Cartographic Standards

The primary international body for coordinate systems in the Solar System is the International
Astronomical Union (IAU). The IAU has recognized the International Celestial Reference
System (ICRS) as the defining inertial reference system and its associated International Celestial
Reference Frame (ICRF) (Ma et al., 1998) as the defining frame for that system. The ICRS and
ICRF are maintained for the IAU by the International Earth Rotation and Reference Systems
Service (IERS, http://www.iers.org/).

For cartographic coordinates and conventions for planets and satellites, the IAU and the
International Association of Geodesy (IAG) have established jointly the Working Group on
Cartographic Coordinates and Rotational Elements (WGCCRE), which publishes triennial
reports, currently in the journal Celestial Mechanics and Dynamical Astronomy (Davies, et al.,
1980, 1983, 1986, 1989, 1992, 1996; Seidelmann, et al., 2002, 2005, 2007). This working group
includes PDS-affiliated scientists, thus assuring full interaction in defining the standards.
Publications and reports issued by the WGCCRE can be found at
http://astrogeology.usgs.gov/Projects/ WGCCRE/. PDS data providers should refer to these
reports for current information and recommendations on rotational elements for Solar System
bodies and how these are related to their cartographic coordinates.

The NASA Lunar Geodesy and Cartography Working Group and the Mars Geodesy and
Cartography Working Group are sponsored by the NASA Lunar Precursor Robotics Program
(LPRP) and Mars Program offices, respectively, and are responsible within NASA for providing
additional coordination of cartographic standards and related (e.g., data processing) issues
(Archinal et al., 2008a, 2008b; Duxbury et al., 2002). These Working Groups have made
additional recommendations regarding coordinate systems (generally with additional detail)
beyond those of the WGCCRE.
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2.2 Inertial Reference Frame and Time System

The orientation of a body in the Solar System can be calculated using a series of rotation angles
to define the directions of the body’s principal axes with respect to an inertial reference frame
(i.e., a system that is not rotating or accelerating relative to a specific reference point) which
provides a standard frame from which position, velocity, and acceleration can be measured.
Such a reference frame is a set of identifiable fiducial points and their positions on the sky,
providing a practical realization of a reference system that defines the origin, fundamental planes
(or axes), and transformations between observed elements and reference points in the celestial
coordinate system. Reference coordinate systems are defined by a system of concepts (e.g.,
using planetocentric latitude and longitude) while a reference coordinate frame is a specific
realization of a coordinate system that is anchored to real data (such as a photogrammetric
control network, altimetry crossover solutions, or lunar ephemerides) (Kovalevsky and Mueller,
1981).

For a planetary body in space, position is defined relative to a Z axis (typically the spin vector of
the body, or the planetographic north pole), the X axis (defined as the point where the equator of
the body crosses the equatorial plane of an inertial frame at a specific epoch), and the Y axis of a
right-handed system. The standard units for coordinates are based on the International System of
Units (SI), including decimal degrees. The orientation of Solar System bodies can be calculated
from angular position (right ascension a and declination ) with respect to the equatorial system
of a particular epoch. For example, the orientation of the north pole of a body at a given epoch is
specified by its right ascension o and declination 8, while the location of the prime meridian is
specified by the angle I (Davies et al., 1980).

The standard epoch is called J2000.0 and is defined to be 2000 January 1.5 TDB, where TDB is
Barycentric Dynamical Time (e.g., Seidelmann et al., 2007). This corresponds to 2000 January
1, 1200 hours TT (Terrestrial Time) or the Julian Date 2451545.0 (NAO, USNO and HMNAO,
1983). This also corresponds to 2000 January 1, 11:58:55.816 UTC (Coordinated Universal
Time; Seidelmann et al., 1992). Although the natural system for many applications would be
TDB, UTC is considered the fundamental system for all PDS data products. The standard way
of expressing UTC is in year, month, day, hour, minute, and decimal seconds. Julian Dates (JD)
are supported as a supplementary system for reporting UTC time. However the JD time scale
must be specified (e.g., UTC or TDB). See the Planetary Science Data Dictionary (PDS, 2008),
chapter 2, for further information on time representation.

The currently accepted orientation of the inertial system (i.e., J2000.0 right ascension and
declination) is defined by the International Celestial Reference System (ICRS), which is a
particular implementation of the Barycentric Celestial Reference System (BCRS) (IAU, 2000).
The ICRS is the fundamental celestial reference system of the IAU, and it has an origin at the
barycenter of the Solar System and ‘space fixed’ (kinematically non-rotating) axis directions. As
noted by the AU, the ICRS is meant to represent the most appropriate coordinate system for
expressing reference data on the positions and motions of celestial objects. Specifications for the
ICRS include a metric tensor, a prescribed method for establishing and maintaining axis
directions, a list of benchmark objects with precise coordinates, and standard algorithms to
transform these coordinates into observable quantities for any location and time. The ICRS is
derived from the International Celestial Reference Frame (ICRF) comprised of coordinates for a
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set of fiducial points on the sky. The ICRF is within 0.05 arcseconds (Chapront et al., 2002;
Herring et al., 2002) of the Solar System inertial frame based on Earth’s Mean Equator (EME) at
the Equinox of Julian Ephemeris Date (JD) 2451545.0 (i.e., J2000.0). This is consistent with
current dynamical practice and spacecraft and planetary ephemerides (e.g., those provided by the
NASA Jet Propulsion Laboratory).

Many older data sets, collected before the J2000.0 system and ICRF were defined, are referenced
to EME and Equinox of Besselian 1950.0 (B1950.0; JD 2433282.423). While this reference
frame should not be used for current data, PDS supports this reference frame for older data.
Transformation between the “B1950.0” and “J2000.0” (and the nearly equivalent ICRF) systems
has been well defined by the IAU (NAO, USNO and HMSNAO, 1983; also see
http://nedwww.ipac.caltech.edu/forms/calculator.html).

Positions may be expressed in other coordinate systems and associated frames, which can be
derived from the fundamental system and frame, when this enhances the use of the data for
various applications. These include ecliptic-based coordinates and heliographic coordinates.
These coordinates, while possibly "natural" for many applications, are derivable from the
fundamental system and are therefore treated as supplementary data by PDS. In some cases, it is
convenient to work in one preferred coordinate system and then to convert to another, more
standard system for products. This practice of providing the natural working coordinates in
addition to the coordinates in a fundamental system promotes ease of use of PDS products and
should be adopted by all data providers who use coordinate systems other than the fundamental
system. As noted above, all supplementary coordinate systems must be fully documented in PDS
products and must be negotiated with the PDS prior to delivery.

2.3 Spin Axes and Prime Meridians

The spin axis orientations of many Solar System bodies are defined by the WGCCRE in the
ICRF inertial reference frame. For historical reasons, the orientation of the spin axis of planets
and satellites is defined by the “north” pole, which is the pole that is on the northern side of the
Invariant Plane of the Solar System (close to but not the same as the ecliptic). With this
definition of the north pole, it is also necessary to specify whether the rotation is direct or
‘prograde’ (in the same direction as the Sun’s rotation or counterclockwise when viewed from
above the north pole) or retrograde (opposite to the direction of the Sun’s rotation).

For small bodies such as comets and asteroids, for which precession due to torques can cause
large changes in the angular momentum vector, the orientation is defined by the ‘positive’ pole,
which is the pole determined by the right hand rule for rotation. Since some small bodies can be
in excited state rotation, there are numerous complications in application that are addressed in
more detail in the WGCCRE reports. Depending on the mode of excited state rotation, the axis
may coincide with the maximum moment of inertia. Some cases, particularly the case of chaotic
rotation, are considered on a case by case basis by the WGCCRE.

If a body has a solid surface, prime meridians for a given longitude system may be defined by
specifying the coordinates of a surface feature on the body (usually a small feature such as a
crater in the equatorial region) or by the mean direction relative to the parent body for



2-4 Chapter 2. Cartographic Standards

synchronously rotating bodies (e.g., the Moon, the Galilean moons, and most of the Saturnian
moons). Where insufficient observations exist to determine the principal moment of inertia,
coordinates of a surface feature will be specified and used to define the prime meridian. In the
case of planets without solid surfaces, the definition of the prime meridian is somewhat arbitrary.
In any case, the actual definitions are decided by the WGCCRE, not by the PDS. We note that
influxes of new data often lead to an iterative process to define (or improve) the orientation of
the spin axis or other parameters used to define a coordinate system and in these cases the data
providers (e.g., spacecraft mission personnel) and the WGCCRE must maintain close contact
regarding the definition.

2.4 Body-Fixed Planetary Coordinate Systems

Two types of coordinate systems are fixed to the body — planetocentric and planetographic.
Details of the coordinate systems for planets and satellites differ from those for small bodies and
rings. This section discusses only the aspects that are common to all applications. The
Planetocentric system has an origin at the center of mass of the body. Planetocentric
coordinates are defined by a vector from the center of mass of the body (often approximated as
the center of figure) to the point of interest, typically but not necessarily a point on the surface
(e.g., an impact crater with known position). The planetocentric latitude is the angle between the
equatorial plane and the vector, while the planetocentric longitude is the angle between the prime
meridian and the projection of the vector onto the equatorial plane.

The Planetographic system also has an origin at the center of mass of the body. Planetographic
coordinates, however, are defined by vectors perpendicular to a reference surface, often a biaxial
ellipsoid that is centered on the body and chosen to describe the gross shape of the body.
Reference surfaces vary from body to body and are defined by the WGCCRE in consultation
with the observers who provide the information to define such surfaces. The most common
reference surface is an oblate spheroid aligned with the spin axis of the body. However, for
certain applications the reference surface may be a triaxial ellipsoid, a gravitational equipotential,
or a higher order surface model.

For a biaxial ellipsoid the planetographic latitude is the angle between the equatorial plane and a
vector through the point of interest, where the vector is normal to the reference surface.
Planetographic longitude is the angle between the prime meridian and the projection of the same
vector onto the equatorial plane. In general, the planetographic vector does not pass through the
origin. The vector need not pass through the spin axis but in most realistic cases it does. If the
reference surface is a sphere, the planetographic and planetocentric vectors are identical.

The WGCCRE allows for the use of either planetographic or planetocentric coordinates for a
given body, so data providers may adopt either system. Historically planetographic coordinates
have been preferred for cartographic products, while planetocentric coordinates were used for
dynamical (i.e. orbit, gravity field, altimetric) observations and calculations. For the planet
Mercury, the MESSENGER mission has chosen to use planetocentric coordinates as the primary
coordinate system for all products (Seidelmann et al., 2007). For the planet Mars, the MGCWG
and all current NASA missions have chosen to use planetocentric coordinates as the primary
coordinate system for products (Duxbury et al., 2002). Producers of printed or electronically
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printed maps (e.g., in PDF format) may wish to show both types of coordinates.

2.4.1 Planets and Satellites

For planets and satellites, the conventions are complicated for historical reasons. In the
planetocentric coordinate system, northern latitudes are those in the hemisphere of the body
containing the spin pole that points to the northern side of the invariant plane of the Solar
System. The body’s rotation direction, either prograde or retrograde, must also be specified.
Planetocentric longitude increases eastward (i.e., in the direction defined by the right-hand rule
and the “north” pole) from the prime meridian, from 0° to 360°. Thus an external observer sees
the longitude decreasing with time if the rotation is prograde but increasing with time if the
rotation is retrograde.

North and south planetographic latitude are defined in the same way as for planetocentric
latitude, although the numerical values for a given point on the surface, (other than on the
equator or at the poles) are different if the reference surface is not a sphere. The definition of
planetographic longitude is dependent upon the rotation direction of the body, with the basic
definition being that an external observer should see the longitude increasing with time, or that
the longitude increases in the direction opposite to the rotation, although there are exceptions due
to historical practice for Earth, the Moon, and Sun. That is to say, the longitude increases to the
west if the rotation is prograde (or eastward) and vice versa. Whether the rotation direction is
prograde or retrograde can be determined from the current WGCCRE report. See Tables 1 and 2
(or their equivalent in any future report), where the sign of the velocity term for W indicates
either prograde (positive) or retrograde (negative) rotation. For all bodies a longitude range of 0°
to 360° can be used.

For Earth, the Moon, and the Sun, a longitude range of -180° to +180° has been used in the past
[including in existing PDS data sets, as defined by the Planetary Science Data Dictionary (PDS,
2002)] and is allowed by the WGCCRE. However, for the Moon, the NASA LGCWG and LRO
Mission recommend that in the future, only the 0° to 360° range be used (LGCWG, 2008; LRO
Project, 2008). For printed or electronically printed maps (e.g., in PDF format), it may be useful
to label the longitude grid both with primary 0° to 360° coordinates and -180° to +180°
coordinates.

For the Moon, two slightly different reference systems are commonly used to orient the lunar
body-fixed coordinate system. One is the Mean Earth/Polar Axis (ME) system, the preferred
system to be used for PDS data products. The other is the axis of figure system, also called the
Principal Axis (PA) system, sometimes used internally among instrument teams for specific
applications. For computing precise lunar coordinates, the WGCCRE recommends the use of the
JPL DE403 ephemeris (which provides lunar orientation in the PA system), rotated into the ME
system. The WGCCRE noted in its most recent report that improved versions of the JPL
ephemerides were imminent and might be used instead. In fact the JPL DE421 ephemeris is now
available and, after rotation into the ME system, is recommended for use (LGCWG, 2008; LRO
Project, 2008). The maximum difference between these two frames in the ME system for the
period 2000-2019 is only about 6 meters (Archinal, 2008).
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2.4.2 Small Bodies

For small bodies (asteroids and comets), both planetographic and planetocentric coordinates
follow the same right hand rule that is used to define the positive pole, which can be either above
or below the invariant plane of the Solar System. For the simple case of a body with positive
pole pointing to the northern hemisphere of the Solar System, this corresponds to longitude, both
planetocentric and planetographic, increasing eastward, 0° to 360°, which in turn corresponds to
the case in which the longitude seen by an outside observer decreases with time.

For some small bodies, coordinates based on latitude and longitude alone can be multi-valued in
radius — i.e., the vector from the center of the body can intersect the surface in more than one
place. There may also be complications (due to the irregular shape) which force special
procedures when producing a useful, planar map. Such details are discussed in reports of the
WGCCRE.

2.4.3 Rings

There is no international standard for ring coordinate systems. Standards in use for such PDS
products were defined by experts in the Rings Node, in consultation with a broad cross-section of
interested scientists. Conventions for coordinate systems for rings are similar to those for small
bodies, in as much as they are all based on a right-hand rule, with longitude increasing in the
direction of orbital motion. Thus longitude increases eastward for the prograde-moving rings
(Jupiter, Saturn, and Neptune), but it increases westward for retrograde-moving rings of Uranus.
Rings also use a positive pole direction following the right hand rule, analogous to the case for
small-body rotation, thus coinciding with the North Pole of Jupiter, Saturn, and Neptune, but the
South Pole of Uranus.

Coordinates for rings differ from those for planets and small bodies in not being body-fixed
because there are no fixed features to define longitude. They are defined in an inertial system
that is co-moving with the center of mass of the parent body. Specifically, longitudes are
measured from the ascending node of the plane of the rings in the ICREF, i.e. the point at which
the plane of the rings intersects the ICRF equator. In the case of inclined rings, longitudes are
measured as a “broken angle” from the ascending node of the planet’s equatorial plane in the
ICREF, along the equatorial plane to the ring plane’s ascending node, and thereafter along the ring
plane.

2.4.4 Planetary Plasma Interactions

There are no international standards for values or names of coordinate systems of planetary
plasma observations. Recommendations for coordinate systems in the near-Earth environment
by Russell (1971) have been generalized for use with plasma observations at other bodies. More
recently, other systems have been defined (e.g., Franz and Harper, 2002) and are currently in use.
The coordinate systems used for plasma observations and data analysis typically are right-
handed. The primary exception to this rule is the left-handed Jovian System III.

Standards for planetary plasma data products for PDS were defined by experts in the Planetary
Plasma Interactions Node, following recommendations from Russell (1971) and Franz and
Harper (2002) and in consultation with other specialists. Providers and users of PDS data
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featuring plasma observations are encouraged to use names as defined by these authors where
appropriate, and to follow similar name construction when new systems must be defined.

2.5 Surface Models

A standard reference surface model commonly used for hard surfaces is the digital terrain model
(DTM). The DTM defines body radius or geometric height above the body reference surface as
a function of cartographic latitude and longitude. Spheroids, ellipsoids and harmonic expansions
giving analytic expressions for radius as a function of cartographic coordinates are all allowed in
PDS. A DTM may also define potential height, i.e., “elevation”, above an equipotential surface,
provided the method is specified, including the specification of appropriate constants and gravity
field that is used to convert to/from radii and potential height.

The only internationally recognized DTM is the MOLA model for Mars (Seidelmann, et al.,
2007, page 168 in WGCCRE #10). DTMs are also available for other bodies, including the
Moon and several small bodies; but their use is not officially recommended and therefore up to
the individual user.

The digital image model (DIM) defines body brightness in a specified spectral band or bands as a
function of cartographic latitude and longitude. A DIM may be associated with the surface
radius, geometric height, or potential height values in a corresponding DTM or it may be
registered independently to a spheroid, ellipsoid, or spherical harmonic expansion.

2.6 PDS Keywords for Cartographic Coordinates

To support the descriptions of these various reference coordinate systems and frames, the PDS
has defined the following set of ‘geometry’ data elements [see the Planetary Science Data
Dictionary (PDS, 2008) for complete definitions and additional data elements].

A_AXIS RADIUS

B_AXIS RADIUS

C_AXIS _RADIUS
COORDINATE SYSTEM CENTER NAME
COORDINATE_SYSTEM_DESC
COORDINATE SYSTEM_ID
COORDINATE SYSTEM NAME
COORDINATE SYSTEM REF EPOCH
COORDINATE SYSTEM TYPE
EASTERNMOST LONGITUDE
LATITUDE

LONGITUDE

MAXIMUM_LATITUDE

MAXIMUM LONGITUDE

MINIMUM LATITUDE

MINIMUM LONGITUDE
POSITIVE_LONGITUDE DIRECTION
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WESTERNMOST LONGITUDE

To support the description of locations in a planetary ring system, the PDS has defined the
following data elements:

CENTER RING RADIUS
RING RADIUS
MINIMUM RING RADIUS
MAXIMUM RING RADIUS

RING LONGITUDE
MINIMUM RING LONGITUDE
MAXIMUM RING LONGITUDE

B1950 RING LONGITUDE
MINIMUM B1950 RING LONGITUDE
MAXIMUM B1950 RING LONGITUDE

RING EVENT TIME
RING EVENT START TIME
RING EVENT STOP TIME

RADIAL RESOLUTION
MINIMUM RADIAL RESOLUTION
MAXIMUM RADIAL RESOLUTION

The radius and longitude elements define an inertial location in the rings, and the ring event time
elements define the time at the ring plane to which an observation refers. If desired, the radial
resolution elements can be used to specify the radial dimensions of ring features that can be
resolved in the data. See the Planetary Science Data Dictionary (PSDD; PDS, 2008) for complete
definitions of these elements.

Some rings are not circular and/or equatorial. In these cases, the PSDD provides additional
elements that can be used to describe a ring’s shape. The elements are:

RING SEMIMAJOR AXIS

RING ECCENTRICITY

RING PERICENTER LONGITUDE
PERICENTER PRECESSION RATE
RING INCLINATION

RING ASCENDING NODE LONGITUDE
NODAL REGRESSION RATE
REFERENCE_TIME

Here the value of REFERENCE TIME indicates the instant at which the LONGITUDE elements
are defined. The actual pericenter and ascending node at the time of an observation are
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determined based on the precession and regression rates as follows:

pericenter longitude = RING_PERICENTER LONGITUDE +
PERICENTER PRECESSION RATE *
(observation_time - REFERENCE TIME) mod 360
ascending_node longitude =
RING ASCENDING NODE LONGITUDE +
NODAL REGRESSION RATE *
(observation_time - REFERENCE TIME) mod 360

The oscillating modes of a ring can also be specified if necessary:

RING RADIAL MODE

RING RADIAL MODE_AMPLITUDE
RING RADIAL MODE FREQUENCY
RING RADIAL MODE PHASE

Additional elements should be used to specify the assumed orientation of the planet’s pole:

POLE RIGHT ASCENSION
POLE DECLINATION
COORDINATE SYSTEM ID

The COORDINATE SYSTEM_ID can be either “J2000.0” or “B1950.0”, with “J2000.0”
serving as the default. See the PSDD for further details.

2.7 Map Resolution

A uniform set of resolutions is helpful for analyses of multiple datasets and development of map
products derived from PDS data, and the selected scale must account for differences in available
image resolution and quality. Such map scales are measured against a reference surface that is
typically a geometrically defined shape that represents a given planetary body. For global maps,
the recommended spatial resolution for a map is 2" pixels per degree of latitude, where a pixel is
treated as a finite area and » is an integer. A spatial resolution of 2" pixels per degree allows
simple coregistration of multiple datasets by doubling or halving the pixel sizes (typically by
averaging or interpolation) and without resampling or otherwise changing the pixels. These
recommendations continue a convention established in the 1960s and 1970s by the lunar and
Mars research communities (e.g., Batson, 1987; Greeley and Batson, 1990), as advocated by the
NASA Planetary Cartography Working Group (PCWG) and its successor the Planetary
Cartography and Geologic Mapping Working Group (PCGMWG) (PCWG, 1993, pp. 22-24),
and affirmed by the LGCWG (2008).

For polar regions of global maps, the recommendation is also to use the binary map scale or 2"
pixels per degree of latitude near the pole. This practice maintains consistency with the global
data product.
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For working at landing site scales with data that has pixels of tens of centimeters to a few meters
in size, spatial resolutions of maps are more convenient if provided at scales of 1 meter per pixel
resolution or multiples thereof (LGCWG, 2008). At such human scales this convention is simpler
and will preserve inherent details of resolution for applications such as landing site operations,
traversing, and surface engineering studies.

For both global and local maps showing elevation or relief, the recommended vertical resolution
is 1 x 10™ meters, where m is an integer chosen to preserve all the resolution inherent in the data.
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Chapter 3. DATA TYPE Values and Data File
Storage Formats

Each PDS archived product is described using label objects that provide information about the
data types of stored values. The data elements DATA TYPE, BIT DATA TYPE, and
SAMPLE TYPE appear together with related elements defining starting location and length for
each field. In PDS data object definitions the byte, bit, and record positions are counted from left
to right, or first to last encountered, and always begin with 1.

Data files may be in ASCII or binary format. ASCII format is often more easily transferred
between hardware systems or even application programs on the same computer.
Notwithstanding, numeric data are often stored in binary files when the ASCII representation
would require substantially more storage space. (For example, each 8-bit signed pixel value in a
binary image file would require a four-byte field if stored as an ASCII table.)

3.1 Data Elements

Table 3.1 identifies by object the data elements providing type, location, and length information.
The elements ITEMS and ITEM_BYTES are used to subdivide a single COLUMN, FIELD,
BIT _COLUMN, or HISTOGRAM into a regular vector containing as many elements as
specified for the value of ITEMS. In these objects the DATA_ TYPE must indicate the type of a
single item in the vector. In the past, the data element ITEM_TYPE was used for this purpose,
but DATA TYPE is now the preferred parameter.

3.2 Data Types

Table 3.2 identifies the valid values for the DATA TYPE, BIT DATA TYPE, and
SAMPLE TYPE data elements used in PDS data object definitions. The values for these

elements must be one of the standard values listed in the Planetary Science Data Dictionary
(PSDD). Please note:

* In all cases, these standard values refer to the physical storage format of the data in
the data file.

* In some cases, obsolete values from previous versions of the PDS Standards have
been retained as aliases for more specific values (the type “INTEGER”, for example,
is interpreted as “MSB_INTEGER” when it is encountered). In these cases the more
specific value should always be used in new data sets — the obsolete value is retained
only for backward compatibility. Obsolete values are indicated in the table.

* Aliases have been supplied for some of the generic data types that indicate the kind of
system on which the data originated. For example, “MAC _REAL” is an alias for
“IEEE_REAL”, but “VAX REAL” has no alias, as the VAX binary storage format is
unique to VAX systems. In general, the more generic term is preferred, but the
system-specific version may be used if needed.
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Table 3.1: Type Elements Used in Data Label Objects

Data Object

COLUMN
(without ITEMS)

COLUMN
(with ITEMS)

BIT_COLUMN
(without ITEMS)

BIT_COLUMN
(with ITEMS)

FIELD
(no items)

FIELD
(with items)

IMAGE

HISTOGRAM

Data Elements

DATA TYPE
START BYTE
BYTES

DATA_TYPE
START BYTE
BYTES (optional)
ITEMS
ITEM_BYTES

BIT DATA_TYPE
START BIT
BITS

START BIT
BITS (optional)
ITEMS
ITEM_BITS

DATA_TYPE
FIELD_NUMBER
BYTES

DATA_TYPE
FIELD_NUMBER
BYTES

ITEMS
ITEM_BYTES

SAMPLE TYPE
SAMPLE BITS

DATA_TYPE
BYTES (optional)
ITEMS
ITEM_BYTES

Notes

alias for ITEM_TYPE

total bytes in COLUMN

bytes in each ITEM

total bits in BIT COLUMN

bits in each ITEM

if populated

maximum FIELD bytes

if populated

maximum bytes in FIELD

maximum item bytes

alias for ITEM_TYPE

total bytes in HISTOGRAM
number of bins in HISTOGRAM
bytes in each ITEM
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Table 3.2: Standard PDS Data Types

Data Element Usage Codes:

D = DATA_TYPE
B = BIT_DATA_TYPE
S = SAMPLE TYPE
Usage Value Description
D ASCII_ REAL ASCII character string representing a real number; see
Section 5.4 for formatting rules
D ASCII_INTEGER ASCII character string representing an integer; see
Section 5.4 for formatting rules
D ASCII_ COMPLEX ASCII character string representing a complex number;
see Section 5.4 for formatting rules
Obsolete BIT_STRING alias for MSB_BIT STRING
D,B BOOLEAN True/False Indicator: a 1-, 2- or 4-byte integer or 1-32 bit
number. All 0 = False; anything else = True.
D CHARACTER ASCII character string; see Section 5.4 for formatting
rules
Obsolete COMPLEX alias for [IEEE_ COMPLEX
D DATE ASCII character string representing a date in PDS
standard format; see Section 5.4 for formatting rules
D EBCDIC_CHARACTER EBCDIC character string
Obsolete FLOAT alias for [IEEE_REAL
D IBM_COMPLEX IBM 360/370 mainframe complex number (8- or 16-
byte)
D,S IBM_INTEGER IBM 360/370 mainframe 1-, 2-, and 4-byte signed
integers
D,S IBM_REAL IBM 360/370 mainframe real number (4- or 8-byte)
D,B,S IBM_UNSIGNED INTEGER IBM 360/370 mainframe 1-, 2-, and 4-byte unsigned
integers
D IEEE_ COMPLEX 8-, 16-, and 20-byte complex numbers
D,S IEEE_REAL 4-, 8- and 10-byte real numbers
Obsolete INTEGER alias for MSB_INTEGER
D LSB_BIT_STRING 1-, 2-, and 4-byte bit strings
D,S LSB_INTEGER 1-, 2-, and 4-byte signed integers
D,B, S LSB_UNSIGNED INTEGER 1-, 2-, and 4-byte unsigned integers
D MAC_COMPLEX alias for [IEEE_ COMPLEX
D,S MAC_INTEGER alias for MSB_INTEGER
D,S MAC _REAL alias for [IEEE_REAL
D,B,S MAC_UNSIGNED INTEGER alias for MSB_UNSIGNED INTEGER
D MSB_BIT_STRING 1-, 2-, and 4-byte bit strings
D,S MSB_INTEGER 1-, 2-, and 4-byte signed integers
D,B,S MSB_UNSIGNED INTEGER 1-, 2-, and 4-byte unsigned integers
D,B N/A Used only for spare (or unused) fields included in the

data file.
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D PC_COMPLEX 8-, 16-, and 20-byte complex numbers in IBM/PC format
D, S PC_INTEGER alias for LSB_INTEGER
D,S PC _REAL 4-, 8-, and 10-byte real numbers in IBM/PC format
D,B,S PC_UNSIGNED_ INTEGER alias for LSB_UNSIGNED_INTEGER
Obsolete REAL alias for IEEE_REAL
D SUN_COMPLEX alias for IEEE_ COMPLEX
D, S SUN_INTEGER alias for MSB_INTEGER
D, S SUN_REAL alias for IEEE_REAL
D,B,S SUN_UNSIGNED_INTEGER alias for MSB_UNSIGNED_INTEGER
D TIME ASCII character string representing a date/time in PDS
standard format; see Section 5.4 for formatting rules

Obsolete UNSIGNED_INTEGER alias for MSB_UNSIGNED_INTEGER

D VAX_BIT_STRING alias for LSB_BIT STRING

D VAX COMPLEX Vax F-, D-, and H-type (8-, 16- and 32-byte,
respectively) complex numbers

D, S VAX DOUBLE alias for VAX_REAL

D, S VAX INTEGER alias for LSB_INTEGER

D, S VAX REAL Vax F-, D-, and H-type (4-, 8- and 16-byte, respectively)
real numbers

D,B,S VAX UNSIGNED_INTEGER alias for LSB_UNSIGNED_INTEGER

D VAXG _COMPLEX Vax G-type (16-byte) complex numbers

D,S VAXG_REAL Vax G-type (8-byte) real numbers

3.3 Binary Integers

There are two widely used formats for integer representations in 16-bit and 32-bit binary fields:
most significant byte first (MSB) and least significant byte first (LSB) architectures. The MSB
architectures include IBM mainframes, many UNIX systems such as SUN, and Macintosh
computers. The LSB architectures include VAX systems and IBM PCs. In the original PDS
system the default format was MSB, thus the designation of “INTEGER” and
“UNSIGNED_INTEGER?” as aliases of “MSB_INTEGER” and “MSB_UNSIGNED IN-
TEGER”. New data sets should be prepared using the appropriate specific designation from
Table 3.2, above.

3.4 Signed vs. Unsigned Integers

The “ INTEGER?” data types refer to signed, 2’s complement integers. Use the corresponding
“ UNSIGNED INTEGER” type for unsigned integer and bit string fields.
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3.5 Floating Point Formats

The PDS default representation for floating point numbers is the ANSI/IEEE standard. This
representation is defined as the IEEE_REAL data type, with aliases identified in Table 3.2.
Several additional specific floating-point representations supported by PDS are described in
Appendix C.

3.6 Bit String Data

The BIT STRING data types are used in definitions of table columns holding individual bit field
values. A BIT COLUMN object defines each bit field. BIT STRING data types can be 1-, 2-, or
4-byte fields, much like a binary integer. Extraction of specific bit fields within a 2- or 4-byte
BIT STRING is dependent on the host architecture (MSB or LSB). In interpreting bit fields
(BIT_COLUMNYS) within a BIT STRING, any necessary conversions such as byte swapping
from LSB to MSB are done first, then bit field values (START BIT, BITS) are used to extract
the appropriate bits. This procedure ensures that bit fields are not fragmented due to differences
in hardware architectures.

3.7 Character Data
Specification of character field format in ASCII and binary files pending.

3.8 Format Specifications

Data format specifications provided in the FORMAT element serve two purposes:

1. Inan ASCII TABLE data file or SPREADSHEET file, they provide a format which
can be used in scanning the ASCII record for individual fields; and

2. In abinary data file, they provide a format that can be used to display the
data values.

A subset of the FORTRAN data format specifiers is used for the values of FORMAT elements.
Valid specifiers include:

Aw Character data value

Iw Integer value

Fw.d Floating point value, displayed in decimal format
Ew.d[Ee] Floating point value, displayed in exponential format

Where:

w  is the total number of positions in the output field (including sign, decimal point, and
exponentiation character — usually “E” — if any);

d is the number of positions to the right of the decimal point;

e is the number of positions in exponent length field.
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3.9 Internal Representations of Data Types
Appendix C contains the detailed internal representations of the PDS standard data types listed in
Table 3.2.

The PDS has developed tools designed to use the specifications contained in Appendix C for
interpreting data values for display and validation.



Chapter 4. Data Objects and Products 4-1

Chapter 4. Data Objects and Products

At its simplest, a data product consists of a PDS label and the data object that it describes. More
complex data products may contain several mutually dependent data objects, a primary object
and one or more secondary objects, or both. In all cases, a single label is used to describe all
parts of the product (even if they are held in separate physical files). A single PRODUCT ID
value is defined for the entire set in that PDS label.

A data product is one component of a data set (see the Data Set/Data Set Collection Contents
and Naming chapter of this document).

Primary Data Object
A primary data object is a set of results from a scientific observation. Primary data objects are
usually described using one of these PDS object structures:

TABLE
SPREADSHEET
IMAGE

SERIES
SPECTRUM
QUBE

Secondary Data Object

A secondary data object is any data used for processing or interpreting the primary data object(s),
for example, a histogram derived from an image. Secondary data objects are usually described
using one of these PDS object structures:

HISTOGRAM
PALETTE
HEADER

The PDS data product label, written in Object Description Language (ODL) (see the Object
Description Language (ODL) Specification and Usage chapter of this document), defines both
the physical and logical structure of the constituent data object(s).
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4.1 Data Product File Configurations

The PDS label and data object may be in the same file or separate files. For data products with
more than one object, the data objects may be in one or more files. In all cases, however, there
must be exactly one PDS label containing exactly one PRODUCT ID value. The PRODUCT ID

value must be unique within the data set containing this data product.

Example

Consider a data product that consists of a 3-color image in which each color plane is stored in a separate physical
file (that is, one file each for red, blue and green). Since all three colors are required to get the full image, this
product contains three mutually dependent primary objects.

The label for this data product will contain a single PRODUCT ID, three pointers to the separate data files, and
three IMAGE object definitions. To aid in distinguishing between data files, the data preparer may also choose to
include an IMAGE ID keyword in each IMAGE object definition. The resulting PDS label would contain the
following lines:

PRODUCT_ID = "22A190"
“"RED_IMAGE = "22A190R.IMG"
“GREEN_IMAGE = "22A190G.IMG"
“BLUE_IMAGE = "22A190B.IMG"
OBJECT = RED_IMAGE
IMAGE_1ID = "22A190-RED"
END_OBJECT = RED_IMAGE
OBJECT = GREEN_IMAGE
IMAGE_1ID = "22A190-GREEN"
END_OBJECT = GREEN_IMAGE
OBJECT = BLUE_IMAGE
IMAGE_1ID = "22A190-BLUE"
END_OBJECT = BLUE_IMAGE

Figure 4.1 illustrates file configurations for a data product with a single data object.
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@ Attached Label

PRODUCT_ID = A PDS Label
Primary Data Object

file A

@ Detached Label

PRODUCT_ID=A PDS Label

file A

file B

Primary Data Object

Figure 4.1 Data Product with a Single Data Object

Figure 4.2 shows the possible file configurations for a single data product consisting of one
primary and one secondary data object. Similar examples could be made using data products
composed of more than two data objects.

4-3
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file A

PDS Label
Primary Data Object

Secondary Data Object

Attached Label
PRODUCT_ID = A

file A

PDS Label

Primary Data Object

file B

PRODUCT_ID =B

PDS Label
Secondary Data Object

Detached Label

PDS Label

PRODUCT_ID = A

file B

Primary Data Object
Secondary Data Object

Detached Label
PRODUCT_ID = A

PDS Label

file B

Primary Data Object

file C

PDS Label

PRODUCT_ID =B

file D

Secondary Data Object

Combined Detached Label

file A

PDS Label

PRODUCT_ID = A

file B

Primary Data Object

file C

Secondary Data Object

Figure 4-2. Data Product with Multiple Data Objects
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Chapter 5. Data Product Labels

PDS data product labels are required for describing the contents and format of each individual
data product within a data set. PDS data product labels are written in the Object Description
Language (ODL). The PDS has chosen to label the wide variety of data products under archival
preparation by implementing a standard set of data object definitions, group definitions, data
elements, and standard values for the elements. These data object definitions, data elements, and
standard values are defined in the Planetary Science Data Dictionary (PSDD). Appendix A of
this document provides general descriptions and examples of the use of these data object
definitions and data elements for labeling data products.

5.1 Format of PDS Labels

5.1.1 Labeling methods

In order to identify and describe the organization, content, and format of each data product, PDS
requires a distinct data product label for each individual data product file. These distinct product
labels may be constructed in one of three ways:

Attached - The PDS data product label is attached at the beginning of the data product file. There
is one label attached to each data product file.

Detached - The PDS data product label is detached from the data and resides in a separate file
which contains a pointer to the data product file. There is one detached label file for every data
product file. The label file should have the same base name as its associated data file, but the
extension .LBL .

Combined Detached - A single PDS detached data product label file is used to describe the
contents of more than one data product file. The combined detached label contains pointers to
individual data products.

NOTE: Although all three labeling methods are equally acceptable, the PDS tools do not
currently support the Combined Detached label option.

Figure 5.1 illustrates the use of each of these methods for labeling individual data product files.

5.1.2 Label format

PDS recommends that labels have stream record format, and line lengths of at most 80 characters
(including the CR/LF line terminators) so that the entire label can be seen on a computer screen
without horizontal scrolling. The carriage return and line feed (CR/LF) pair is the required line
terminator for all PDS labels. (See the Record Formats chapter of this document.)
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File A
PDS
LABEL
Attached Label
DATA
File A
PDS Detached Label
LABEL
\ File B
DATA
File A
PDS LABEL File B
Combined
DATA Detached Label
File C
DATA

Figure 5.1 Attached, Detached, and Combined Detached PDS Labels
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All values in a PDS label should be in upper case, except values for descriptive elements
(DESCRIPTION, NOTE, etc.). It is also recommended that the equal signs in the labels be
aligned for ease of reading.

ASCI Character Set

All values in a PDS label must conform to the standard 7-bit ASCII character set. Labels may
include characters in the range of ASCII characters 32 through 127 (decimal), and the record
delimiters Line Feed (10 decimal) and Carriage Return (13 decimal).

The remaining 7-bit ASCII characters (1-9, 11, 12, and 14-31 decimal, which includes the
horizontal and vertical tab and form feed characters) are not permitted in PDS labels. Note that
the 8-bit characters 128 through 255 (decimal) are not used in the PDS as the interpretation of
these characters varies by operating system, computer platform, and font selected. Specifically,
extended-set characters with diacritical marks are not to be used as they are interpreted
differently by different applications.

Label Padding
When a fixed length data file has an attached label, the label is padded with space characters
(ASCII 32 decimal) in one of the following ways:

1) Spaces are added after the label’s END <CR><LF> statement and before the data so that the
total of the label (in bytes) is an integral multiple of the record length of the data. In this case,
LABEL RECORDS is calculated by dividing the total padded length of the label section, in
bytes, by the stated value of RECORD BYTES.

Example

In the example below, the label portion of the file is 7 x 324 = 2268 bytes in length, including blank fill between the
END<CR><LF> statement and the first byte of data. The actual data portion of the file starts at record 8 (i.e., the 1st
byte of the 8th record starts at byte (7 x 324)+1 =2269)

RECORD_TYPE FIXED_ LENGTH<CR><LF>

RECORD_BYTES = 324<CR><LF>
FILE _RECORDS = 334<CR><LF>
LABEL_RECORDS = 7<CR><LF>
~IMAGE = 8<CR><LF>
END<CR><LF>

....blank fill....

data

2) Each line in the label may be padded with space characters so that each line in the label has
the same record length as the data file. In this case, the label line length may exceed the
recommended 80 characters; LABEL RECORDS is the number of physical records in the label
section of the file.
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Example

In the example below, the label portion of the file is 80 x 85 = 6800 bytes in length. Each line in the label portion of
the file is 85 bytes long, the same length as each data record. Notice the blank space between the actual values in the
label and the line delimiters. In the example, the label is 80 lines long (i.e., 80 records long) and the data begin at
record 81. Note that the label is padded so that <CR><LF> are in bytes 84 and 85.

RECORD_TYPE = FIXED_ LENGTH <CR><LF>
RECORD_BYTES = 85 <CR><LF>
FILE_RECORDS = 300 <CR><LF>
LABEL_RECORDS = 80 <CR><LF>
“TABLE = 81 <CR><LF>
END <CR><LF>
Data

5.2 Data Product Label Content

5.2.1 Attached and Detached Labels

PDS data product labels have a general structure that is used for all attached and detached labels,
except for data products described by minimal labels. (Minimal labels are described in Section
523)

e LABEL STANDARDS identifier

e FILE CHARACTERISTIC data elements
* DATA OBIJECT pointers

e [DENTIFICATION data elements

e DESCRIPTIVE data elements

e DATA OBJECT DEFINITIONS

¢ END statement

Figure 5.2 provides an example of how this general structure appears in an attached or detached
label for a data product file containing multiple data objects.

5.2.2 Combined Detached Labels

For the Combined Detached label option, the general label structure is modified slightly to
reference each individual file within its own FILE object explicitly. In addition, identification
and descriptive data elements that apply to all of the files can be located before the FILE objects.
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PDS LABEL

PDS_VERSION_ID
DD_VERSION_ID
LABEL_REVISION_NOTE

/* FILE_CHARACTERISTICS */
RECORD_TYPE
RECORD_BYTES
FILE_RECORDS
LABEL_RECORDS

/* POINTERS TO DATA OBJECTS */
ANIMAGE
AHISTOGRAM

/* IDENTIFICATION DATA ELEMENTS */
DATA_SET_ID
PRODUCT_ID
SPACECRAFT_NAME
INSTRUMENT_NAME
TARGET_NAME
START_TIME
STOP_TIME

PRdDUCT_CREATION_TIME

/* DESCRIPTIVE DATA ELEMENTS */
FILTER_NAME =
OFFSET_MODE_ID

/* DATA OBJECT DEFINITIONS */

OBJECT — IMAGE
END_OBJECT = IMAGE
OBJECT = HISTOGRAM
END_OBJECT = HISTOGRAM
END
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e LABEL STANDARDS
IDENTIFIERS

e FILE CHARACTERISTICS
DATA ELEMENTS

« DATA OBJECT POINTERS
(primary, secondary)

« IDENTIFICATION DATA
ELEMENTS

« DESCRIPTIVE DATA
ELEMENTS

« DATA OBJECT
DEFINITIONS
(primary, secondary)

e END STATEMENT

Figure 5.2 PDS Attached / Detached Label Structure
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* LABEL STANDARDS identifiers
* IDENTIFICATION data elements that apply to all referenced data files
* DESCRIPTIVE data elements that apply to all referenced data files
* OBJECT=FILE statement (Repeats for each data product file)

= FILE CHARACTERISTIC data elements

= DATA OBIJECT pointers

= [DENTIFICATION data elements

= DESCRIPTIVE data elements

= DATA OBJECT DEFINITION
e END OBIJECT=FILE statement
e END statement

Figure 5.3 provides an example of how this general structure appears in a combined detached
label that describes more than one data product file.

5.2.3 Minimal Labels

Use of the minimal label option is only allowed when the format of the data cannot be supported
by any PDS data object structure other than the FILE object.

For minimal labels the required use of data objects is waived. A minimal label does not require
any explicit PDS data object definitions or pointers to data objects. This applies to both attached
and detached labels.

Minimal labels must satisfy the following requirements:
(1) Provide the ability to locate the data associated with the label.

la. Attached labels

Since data objects and pointers are not required in the minimal label, by definition
the data follow immediately after the label.

1b. Detached Labels

Both the implicit and explicit use of the FILE object are supported. The
FILE NAME keyword is required in the explicit FILE object, or in the label itself
if no FILE object is included.

(2) Provide the ability to locate a description of the format/content of the data. One of the
following must be provided in the minimal label:

2a. ADESCRIPTION = “<filename>"
This is a pointer to a file containing a detailed description of the data format,
which may be located in the same directory as the data or in the DOCUMENT
subdirectory.
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PDS LABEL

PDS_VERSION_ID
DD_VERSION_ID
LABEL_REVISION_NOTE

DATA_SET_ID

PRODUCT_ID
SPACECRAFT_ID
INSTRUMENT_NAME
TARGET_NAME
PRODUCT_CREATION_TIME

OBJECT — FILE
RECORD_TYPE _
FILE_ RECORDS =
ATIME._ SERIES _ "FILEA"
START TIME -
STOP_TIME _
OBJECT — TIME_SERIES
END_OBJECT — TIME_SERIES
END_OBJECT — FILE
OBJECT — FILE
RECORD_TYPE _
FILE_ RECORDS =
ATIME_SERIES — "FILEB"
START TIME _
STOP_TIME _
OBJECT — TIME_SERIES
END._OBJECT — TIME_SERIES
END_OBJECT — FILE
END
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o LABEL STANDARDS
IDENTIFIERS

¢ IDENTIFICATION &
DESCRIPTIVE DATA ELEMENTS
for all files

For detached FILE A:
e FILE CHARACTERISTICS
DATA ELEMENTS

« DATA OBJECT POINTERS

» IDENTIFICATION / DESCRIPTIVE
DATA ELEMENTS

« DATA OBJECT DEFINITIONS

For detached FILE B:
e FILE CHARACTERISTICS
DATA ELEMENTS

« DATA OBJECT POINTERS

» IDENTIFICATION / DESCRIPTIVE
DATA ELEMENTS

o DATA OBJECT DEFINITIONS

e END STATEMENT

Figure 5.3 PDS Combined / Detached PDS Label Structure
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2b. DESCRIPTION = “<text appears here>"
This is either a detailed description of the data file, its format, data types, and use,
or it is a reference to a document available externally, e.g., a Software Interface
Specification (SIS) or similar document.

(3) When minimal labels are used, DATA OBJECT_ TYPE = FILE should be used in the

DATA_SET catalog file

5.2.3.1 Implicit File Object (Attached and Detached Minimal Label)

The general structure for minimal labels with implicit file objects is as follows:

LABEL STANDARDS identifiers

FILE CHARACTERISTIC data elements
IDENTIFICATION data elements
DESCRIPTIVE data elements

END statement

5.2.3.2 Explicit File Object (Detached Minimal Label)

The general structure for minimal labels with explicit file objects is as follows:

LABEL STANDARDS identifiers
IDENTIFICATION data elements
DESCRIPTIVE data elements
OBJECT=FILE statement

= FILE CHARACTERISTIC data elements

END_OBJECT=FILE
END statements

Figure 5.4 provides an example of how this general structure appears in a detached minimal
label. In this example, an implicit FILE object is used.

5.3

Detailed Label Contents Description

This section describes the detailed requirements for the content of PDS labels. The subsections
describe label standards identifiers, file characteristic data elements, data object pointers,
identification data elements, descriptive data elements, data object definitions, and the END
statement. Note that identifiers, pointers and data elements may only appear once within a given
object definition (including an implicit object definition, such as a minimal label). If multiple
values are needed, they must be represented using either the sequence or set syntax (see Sections
12.5.5 and 12.5.6, respectively).
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PDS LABEL

PDS_VERSION_ID
DD_VERSION_ID
LABEL_REVISION_NOTE

/* FILE_CHARACTERISTICS */
RECORD_TYPE
RECORD_BYTES

FILE_NAME

FILE_RECORDS
LABEL_RECORDS

o LABEL STANDARDS
IDENTIFIERS

* FILE CHARACTERISTICS
DATA ELEMENTS

/* IDENTIFICATION DATA ELEMENTS */
DATA_SET_ID
PRODUCT_ID
SPACECRAFT_NAME
INSTRUMENT_NAME
TARGET_NAME
START_TIME
STOP_TIME

» IDENTIFICATION DATA
ELEMENTS

PRdDUCT_CREATION_TIME =

/* DESCRIPTIVE DATA ELEMENTS */
FILTER_NAME
OFFSET_MODE_ID

 DESCRIPTIVE DATA
ADESCRIPTION

ELEMENTS

END « END STATEMENT

Figure 5.4 PDS Detached Minimal Label Structure

5.3.1 Label Standards Identifiers

Each PDS label must begin with the PDS_VERSION ID data element. This element identifies
the published version of the Standards to which the label adheres, for purposes of both validation
as well as software development and support. For labels adhering to the standards described in
this document (the PDS Standards Reference, Version 3.4), the appropriate value is “PDS3”:
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PDS_VERSION_ID = PDS3

The PDS does not require Standard Formatted Data Unit (SFDU) labels on individual products,
but they may be desired for conformance with specific project or other agency requirements.
When SFDU labels are provided on a PDS data product, the SFDU label must precede the

PDS VERSION ID keyword, thus:

CCSD.... [optional SFDU label]
PDS_VERSION_ID

DD_VERSION_ID

LABEL_ REVISION_ NOTE

SFDU labels in PDS products must follow the format standards described in SFDU Usage
chapter in this document.

The DD _VERSION _ID element identifies the version of the PDS Data Dictionary to which a
label complies. Current PDS practice is to identify a Data Dictionary version with the identifier
used for the PDS catalog build in which it resides, e.g., pdscatlr47, pdscat1r48, and so on. This
keyword will use the upper case representation of the catalog identifier, e.g., PDSCATI1R47,
PDSCATI1RA48, etc.

The LABEL REVISION NOTE element is a free form, unlimited-length character string
providing information regarding the revision status and authorship of a PDS label. It should
include at least the latest revision date and the author of the current version, but may include a
complete editing history. This element is required in all catalog labels.

Example
PDS_VERSION_ID = PDS3
DD _VERSION_ID = PDSCATI1R52

LABEL REVISION_NOTE
release;"
RECORD_TYPE
RECORD_BYTES

"1999-08-01, Anne Raugh (SBN), initial

FIXED_ LENGTH
80

5.3.2 File Characteristic Data Elements

PDS data product labels contain data element information that describes important attributes of
the physical structure of a data product file. The PDS file characteristic data elements are:

RECORD_TYPE
RECORD_BYTES
FILE RECORDS
LABEL RECORDS

The RECORD TYPE data element identifies the record characteristics of the data product file. A
complete discussion of the RECORD TYPE data element and its use in describing data products
produced on various platforms is provided in the Record Formats chapter in this document. The
RECORD_BYTES data element identifies the number of bytes in each physical record in the
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data product file. The FILE RECORDS data element identifies the number of physical records
in the file. The LABEL RECORDS data element identifies the number of physical records that
make up the PDS product label.

Not all of these data elements are required in every data product label. Table 5.1 lists the
required (Req) and optional (Opt) file characteristic data elements for a variety of data products
and labeling methods for both attached (Att) and detached (Det) labels. Where (max) is
specified, the value indicates the maximum size of any physical record in the file.

Table 5.1: File Characteristic Data Element Requirements

Labeling Method  |Att Det |Att Det Att Det |Att Det
RECORD TYPE FIXED LENGTH VARIABLE LENGTH STREAM UNDEFINED
RECORD_BYTES Req Req |Rmax Rmax |Omax - - -
FILE RECORDS Req Req [Req Req  [Opt Opt | - -
LABEL_RECORDS |Req - Req - Opt - - -

Note: The FILE NAME keyword is required in detached minimal labels.

5.3.3 Data Object Pointers

“Data objects” are the actual data for which the structure and attributes are defined in a PDS
label. Each data product file contains one or more data objects. The PDS uses a pointer within
the product labels to identify the file locations for all objects in a data product.

Example

“TABLE
“TABLE

"DATA.DAT"
("DATA.DAT", 10 <BYTES>)

5.3.3.1 Use of Pointers in Attached Labels

Data object pointers are required in labels with one exception: attached labels that refer to only a
single object. In the absence of a pointer, the data object is assumed to start in the next physical
record after the PDS product label area. This is commonly the case with ASCII text files
described by a TEXT object and ASCII SPICE files described by a SPICE_ KERNEL object. The
top two illustrations in Figure 5.5 show example files that do not require data object pointers.

Object pointers are required for all data objects, even when multiple data objects are stored in a
single data product file. Data object pointers in attached labels take one of two forms:

~<object identifier> = nnn

where nnn represents the starting record number within the file (first record is numbered 1),
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Or,
~<object identifier> = nnn <BYTES>
where nnn represents the starting byte location within the file (first byte is numbered 1).

See Chapter 12, Object Description Language (ODL) Specification and Usage, and Chapter 14,
Pointer Usage, in this document for a complete description of pointer syntax.

The bottom two illustrations in Figure 5.5 show the use of required data object pointers for
attached label products containing multiple data objects.

A
LABEL
END END
v
A
SPICE
TEXT
KERNEL DATA
v
Record Byte
1 [ATABLE 1 = 11 1 AMAGE = 161 <BYTES> 4
ATABLE 2 = 31 AHISTOGRAM = 640161 <BYTES> LABEL
END END %
11 161
TABLE 1 —
31 DATA
TABLE 2 640161
HISTOGRAM
\ 4

Figure 5.5 Data Object Pointers-Attached Labels

5.3.3.2 Use of Pointers in Detached and Combined Detached Labels
When the PDS data product label is a detached or a combined detached label, data object
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pointers are required for all data objects referenced.
The syntax for these data object pointers takes one of three forms:

(1) "object identifier = “filename”
(2) "object identifier = (“filename”, nnn)
(3) "object identifier = (“filename”, nnn <BYTES>)

With respect to the above three cases:

(a) These object pointers reference either byte or record locations in data files that are
detached, or separate from, the label file.

(b) “Filename” is the name of the detached data file. File names must be in uppercase
characters.

(c) When no offset is specified, the first record is assumed.

(d) Records and bytes are numbered from 1.

In the first case, the data object is located at the beginning of the referenced file. In the second
case, the data object begins with the nnn™ physical record from the beginning of the referenced
file. In the third case, the data object begins with the nnn™ byte from the beginning of the
referenced file.

Examples
~ IMAGE = ("DATA.IMG")
"ENGINEERING TABLE = ("DATA.DAT", 10)
~TABLE = ("DATA.TAB", 10 <BYTES>)

Figure 5.6 contains several examples of data object pointer usage for data product files with
detached or combined detached labels. The top example shows a data product consisting of a
HEADER data object and a TABLE data object together in a single file. The detached label for
this product includes pointers for both data objects, with the TABLE object starting at byte 601
of file A. The middle example illustrates a combined detached label for a data product contained
in two data objects, each in a separate file. A separate pointer is provided for each data object.
The bottom example shows a detached label for a data product containing multiple data objects.

The third example shows a complex data file structure. The HEADER object comes first in the
data file and, as the pointer (““HEADER”) shows, it requires no explicit offset (record 1 is
assumed). Two parallel objects, a TABLE and an IMAGE, then follow the header. For this
section of the file, each record contains one row of the TABLE followed by one line of the
IMAGE. In the TABLE object description, the bytes of the IMAGE are accounted for as
ROW_SUFFIX BYTES; in the IMAGE object description, the bytes of the TABLE object are
accounted for as LINE PREFIX BYTES. Both objects start in the same record, and therefore
have the same offset (4). See the IMAGE and TABLE object descriptions for more information
on prefix and suffix bytes. Had this data file been organized sequentially (so that, for example,
the HEADER was followed by the TABLE, which in turn was followed by the IMAGE), then
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each object would have had its own offset.

5.3.3.3 Note Concerning Minimal Attached and Detached Labels

Data object pointers do not exist in minimal labels. In these cases the format of the data is
usually fully described in a separate file or document.

< DATA >

<4—— LABEL > Byte FILEA
A _m u//>1 HEADER
Y AMPLE 1. HEADER = "FILEA
- ATABLE = "FILEA", 601 <BYTES>)-\
601
TABLE
FILEA
, ATABLE = "FILEA" >
EXAMPLE 2:
A SERIES = "FILEB" N TABLE
FILEB
SERIES
Record
A HEADER = "FILEA'———p 1 HEADER
EXAMPLE 3 A IMAGE = ("FILEA", 4)—]
L
ATABLE = ("FILEA", 4)_——=p 4 = | IMAGE
<C
|_

Figure 5.6 Data Object Pointers — Detached & Combined Labels

5.3.4 Data Identification Elements

The data identification elements provide additional information about a data product that can be
used to relate the product to other data products from the same data set or data set collection. The
minimum set of identification elements required by the PDS standards (see the following
subsections) is sufficient to populate a high-level database like, for example, the PDS central
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catalog. In addition, data preparers will choose additional identification elements from the
Planetary Science Data Dictionary (PSDD) to support present and future cataloging and search
operations.

NOTE: When a data preparer desires a new element for a data product label - one not yet
recorded in the PSDD - it can be proposed for addition to the dictionary. Contact a PDS Data
Engineer for assistance.

5.3.4.1 Spacecraft Science Data Products

The following data identification elements must be included in product labels for all spacecraft
science data products:

DATA_SET_ID

PRODUCT _ID
INSTRUMENT HOST NAME
INSTRUMENT NAME

TARGET NAME

START TIME

STOP_TIME

SPACECRAFT CLOCK_START COUNT
SPACECRAFT CLOCK_STOP_COUNT
PRODUCT _CREATION_TIME

5.3.4.2 Earthbased Science Data Products

The following data identification elements must be included in product labels for all Earth-based
science data products:

DATA_SET_ID

PRODUCT _ID
INSTRUMENT HOST NAME
INSTRUMENT NAME
TARGET NAME

START TIME

STOP_TIME

PRODUCT _CREATION_TIME

5.3.4.3 Ancillary Data Products

The following data identification elements must be included in product labels for all ancillary
data products. Ancillary products may be more general in nature, supporting a wide variety of
instruments for a particular mission. For example, SPICE data sets, general engineering data

sets, and uplink data are considered ancillary data products.

DATA_SET _ID
PRODUCT _ID
PRODUCT _CREATION_TIME

The following identification elements are highly recommended, and should be included in
ancillary data products whenever they apply:
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INSTRUMENT HOST NAME
INSTRUMENT NAME

TARGET NAME

START TIME

STOP_TIME

SPACECRAFT CLOCK_START COUNT
SPACECRAFT CLOCK_STOP_COUNT

5.3.5 Descriptive Data Elements

In addition to the data identification elements required for various types of data, PDS strongly
recommends including additional data elements related to specific types of data. These
descriptive elements should include any elements needed to interpret or process the data objects
or which would be needed to catalog the data product to support potential search criteria at the
product level.

Recommendations for descriptive data elements to be included come from the PDS mission
interface personnel as well as the data producer’s own suggestions. These additional data
elements are selected from the Planetary Science Data Dictionary.

NOTE: When a data element is needed for a data product label, but is not yet recorded in the
PSDD, it may be proposed for addition to the dictionary. Contact a PDS data engineer for
assistance in submitting new data elements for inclusion in the PSDD.

Pointers are sometimes used in a PDS label to provide a shorthand method for referencing either
a set of descriptive data elements (e.g., "DESCRIPTION) or a long descriptive text passage
relevant to several data product labels.

5.3.6 Data Object Definitions

The PDS requires a separate data object definition within the product label for each object in the
product, to describe the structure and associated attributes of each constituent object. Each object
definition, whether for a primary or a secondary object, must have a corresponding object pointer
as described in Section 5.3.3.

Object definitions are of the form:
OBJECT = aaa where aaa is the name of the data object

END_OBJECT = aaa

The PDS has designed a set of standard data object definitions to be used for labeling products.
Among these standard objects are those designed to describe structures commonly used for
scientific data storage. Appendix A provides the complete set of PDS object definition
requirements, along with examples of product labels.

Pointers are sometimes used in a PDS label to provide a shorthand method for including a
standard set of sub-objects referenced in several data product labels. For example, a pointer
called “*STRUCTURE” is often used to include a set of COLUMN sub-objects for a TABLE
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structure used in many labels of the same data set.

5.3.7 End Statement

The END statement ends a PDS label. Where required by an outside agency, the END statement
may be followed by one or more SFDU labels.

The PDS does not require SFDU labels on individual products, but they may be required to
conform with specific project or other agency requirements. If SFDUs are provided on a data
product, they must follow the standards described in the SFDU Usage chapter in this document.
In some, but not all cases, another SFDU label is required after the PDS END statement to
provide “end label” and sometimes “start data” information.

5.4 Syntax for Element Values

The values of keywords must be expressed in a manner appropriate to the type of the keyword.
Data types for element values are specified in the element definitions contained in the PSDD.
The syntax rules for expressing these values in PDS labels are discussed in detail in Section 12.3
of Chapter 12: Object Description Language Specification and Usage. A brief summary is
provided here for reference.

Character Strings

Character strings are enclosed in double quotes unless they consist entirely of uppercase letter,
number, and/or underscore ( ) characters.

Examples
NAME = FILTER Correct
NAME = "FILTER WAVELENGTH" Correct
NAME = FILTER WAVELENGTH Correct
NAME = FILTER WAVELENGTH Incorrect
Integers

Integer values must be presented as a string of digits, optionally preceded by a sign. Specifically,
no comma or point should be used to group digits. Values that are to be interpreted as integers
must not be enclosed in quotation marks of any kind.

Examples
ITEMS = 12 Correct
REQUIRED_STORAGE_BYTES = 43364 Correct
ITEMS = "12" Incorrect

REQUIRED_STORAGE_BYTES 43,364 Incorrect
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Floating-Point Numbers

Real data values may be expressed as either floating-point numbers with a decimal point or in
scientific notation with an exponent. Scientific notation is formatted in the standard manner for
program I/O, using the letter “E” as an exponentiation operator. Values that are to be interpreted
as real numbers must not be enclosed in quotation marks of any kind.

Examples
TELESCOPE_LATITUDE = 33.476 Correct
TELESCOPE_LATITUDE = 3.3476E+01 Correct
TELESCOPE_LATITUDE = "33.476" Incorrect
TELESCOPE_LATITUDE = 3.3476 x 10701 Incorrect

Dates and Times

Date and time values must be in the PDS standard date/time format: YYYY-MM-
DDThh:mm:ss.sss. Date and time values must never be enclosed in quotes of any kind.

Examples

START_TIME 1990-08-01T23:59:59 Correct

START_ TIME "1990-08-01T23:59:59" Incorrect

5.5 Locally-defined Data Elements

The PSDD contains a large set of common (global) data elements (keywords) and small sets of
locally-defined data elements. The set of common data elements are available for use in any
label. Locally-defined data elements may only be used in data product labels.

5.5.1 Justification for Locally-defined Data Elements

There are two justifications for when a locally-defined keyword can be created:

a) the scope of use is limited / local to a small set of data products within a single mission or
campaign, or is so specific that only a very few data providers would make use of the locally-
defined data element (keyword).

Examples of data elements in the PSDD having limited scope:

MAXIMUM B1950 RING LONGITUDE [PDS-RINGS]

The maximum B1950 ring longitude element specifies the maximum inertial longitude
within a ring area relative to the B1950 prime meridian, rather than to the J2000 prime
meridian. The prime meridian is the ascending node of the planet's invariable plane on the
Earth's mean equator of B1950. Longitudes are measured in the direction of orbital motion
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b)

along the planet's invariable plane to the ring's ascending node, and thence along the ring
plane. Note: For areas that cross the prime meridian, the maximum ring longitude will have
a value less than the minimum ring longitude.

INSTRUMENT FORMATTED DESC [PDS-CN]

The instrument formatted desc element contains the formatted instrument descriptions.
These descriptions represent the information collected for the PDS Version 1.0 instrument
model and were created by extracting instrument information from several tables in the
catalog data base.

These descriptions represent an archive since the tables have been eliminated as part of the
catalog streamlining task.

DATA SET LOCAL ID [PDS-SBN]

The DATA _SET LOCAL _ID element provides a short (of order 3 characters) acronym used
as the local ID of a data set (Example value: IGLC). It may also appear as the first element of
file names from a particular DATA SET (Example value:IGLCINDX.LBL).

the common instance, and any other local instances, currently defined in the PSDD are
inadequate in some descriptive capacity:

* the data element definition is too restrictive or inappropriate
* the length of the keyword-value is too short
* different types of units

A possible scenario for the above could be that the Cassini mission wants to use the
DATA_QUALITY_ID keyword.

DATA QUALITY ID [PSDD] - CHARQ(3)

The data_quality id element provides a numeric key which identifies the quality of data
available for a particular time period. The data quality id scheme is unique to a given
instrument and is described by the associated data quality desc element.

But, the Cassini mission wants to re-use the data element in a way that is different from the
instance(s) currently defined in the PSDD.

DATA QUALITY ID [CASSINI] - CHAR(S50)

The data_quality id element provides a short acronym or identifier of the qualitative state in
which the data resided when the data was generated by the instrument team. The
data_quality id is unique to the Cassini mission and is described by the associated
data_quality desc element.
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5.5.2 Identification of Locally-defined Data Elements

Locally-defined instances of data elements (keywords) are identified in data product labels as:
<namespace>:<keyword name>

where <namespace> is the unique namespace to which the keyword is
designated.

<keyword name> is the name of the keyword being included in the

data product label.

If there are multiple instances of a keyword, then the specific instance of use is identified as
follows:

Example:
TARGET NAME = "EARTH" (namespace = PSDD)
CASSINI:TARGET NAME = "EARTH" (namespace = CASSINI)
VOYAGER:TARGET NAME = "MARS" (namespace = VOYAGER)

In the above example, the PSDD contains three separate instances of the TARGET NAME
keyword:

a) the common (PSDD) instance which the PDS defined and which the PDS community at
large agreed upon.

b) the CASSINI instance which the Cassini project defined.

c) the VOYAGER instance which the Voyager project defined.

5.5.3 Review and Use of Locally-defined Data Elements

The following are recommendations on the review and use of locally defined keywords:

1. The custodian of a namespace is to be a PDS node; or the entity to which the PDS node
delegates authority (e.g., mission); or other agencies in a cooperative agreement with
NASA and working with the PDS (e.g., ESA).

2. The custodian has initial responsibility for NAMESPACE and all locally defined
elements which use the NAMESPACE.

3. The responsibility for NAMESPACE may be transferred if agreeable to the custodian and
the receiving party.

4. The responsibility for locally defined elements may be transferred if agreeable to the
custodian and the receiving party.
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10.

Custodians (e.g., missions/campaigns) being phased out are expected to transfer all
responsibilities to a continuing party (i.e., there is always a responsible party actively
engaged in overseeing the use of the NAMESPACE and locally defined elements which
use the NAMESPACE.

Control authority (responsible party) has absolute authority over element definitions.

A non-originating user who reuses a locally defined keyword must conform to

interpretations of the control authority, including retroactive adjustments (i.e., the user of
a locally defined keyword is at risk that the control authority may alter one or more of the
keyword attributes; such as the definition, without notifying outside users of the change).

PDS recommends that non-originating users "clone" elements into a new local dictionary
rather than reusing them (e.g., CASSINI:DATA QUALITY _ID would become
MER:DATA QUALITY ID if reused by the MER mission). This is because non-
originating users are at risk that the keyword may be altered by the control authority and
the control authority does not have an obligation to notify anyone of the change.

'Promoting' locally defined keywords to full PSDD standing is not permitted (i.e., locally
defined keywords remain locally defined throughout the life of the keyword). A locally
defined keyword may be proposed independently for use in the global PSDD by
submitting the keyword element definition for the full PSDD approval process.

Locally defined keywords should not take on a scope outside of the originating
mission/campaign.



5-22 Chapter 5. Data Product Labels

(This page intentionally left blank.)



Chapter 6. Data Set/Data Set Collection Contents and Naming 6-1

Chapter 6. Data Set / Data Set Collection
Contents and Naming

The Data Set / Data Set Collection Contents and Naming standard defines the conventions for
maintaining consistency in the contents, organization and naming of archive quality data sets.

Data Sets are defined in terms of Data Products, which were introduced in Chapter 4. A data set
is an aggregation of data products with a common origin, history, or application. A data set
includes primary (observational) data plus the ancillary data, software, and documentation
needed to understand and use the observations. Files in a data set share a unique data set name,
share a unique data set identifier, and are described by a single DATA SET catalog object (or
equivalent).

Data Set Collections are defined in terms of data sets. A data set collection is an aggregation of
several data sets that are related by observation type, discipline, target, or time which are to be
treated as a unit; that is, they are intended to be archived and distributed together. Data sets in a
data set collection share a unique data set collection name, share a unique data set collection
identifier, and are described by a single DATA_SET COLLECTION object (or equivalent).
One of the primary considerations in creating a data set collection is that the collection as a
whole provides more utility than the sum of the utilities of the individual data sets.

Figure 6.1 shows the relationships among Data Products, Data Sets, and a Data Set Collection.

DATA SET COLLECTION

DATA SET #1 DATA SET #2

PRIMARY PRIMARY  ANCILLARY DATA PRODUCTS
DATA DATA — CALIBRATION

PRODUCT #1  PRODUCT #2 Ii———
- DOCUMENTATION
— CATALOG INFORMATION
L INDEX FILES
| DATA DICTIONARY FILES
— GAZETTEER
— SOFTWARE

Figure 6.1 Relationships among a Data Set Collection, its Data Sets, and their Data Products.
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Note that with respect to Figure 6.1, additional data sets (e.g., Data Set #2) have structure similar
to Data Set #1. And, Ancillary Data Products are often organized into directories corresponding
to the subject areas shown (see Chapter 19 for a more detailed description of each directory).

Ancillary Data Products may include any or all of the following:

Calibration - Data products used in the conversion of raw measurements to physically
meaningful values or data products needed to use the data.

Geometry - Data products needed to describe the observing geometry. Examples include
SEDRs and SPICE files.

Documentation - Data products which describe the mission, spacecraft, instrument, and/or
data set. These may include references to science papers or the papers themselves.

Catalog Information - Descriptive information about a data set expressed in Object
Description Language (ODL) and suitable for loading into a catalog. For more information,
see Appendix B.

Index Files - Information that allows a user to locate the data of interest - a table of contents.
An example might be a table mapping latitude/longitude ranges to file names.

Data Dictionary Files - An extract of the Planetary Science Data Dictionary (PSDD) that is
pertinent to the data set and expressed in ODL.

Gazetteer - Information about the named features on a target body associated with the data
set.

Software - Software libraries, utilities, and/or application programs to access/process the
data products.

6.1 Data Set Naming and Identification

Each PDS data set must have a unique name (DATA_SET NAME) and a unique identifier
(DATA_SET ID), both formed from up to seven components. The components are listed here;
valid assignments for each component are described in Section 6.3:

Instrument host

Target

Instrument

Data processing level number
Data set type (optional)
Description (optional)
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Version number

A DATA SET NAME must not exceed 60 characters in length. Where the character limitation
is not exceeded, the full-length name of each component is used. If the full-length name is too
long, an acronym is used to abbreviate components of the name. Where possible, each
component of the DATA SET NAME should identify and reflect the corresponding (acronym)
component used in forming the DATA SET ID.

The DATA _SET ID cannot exceed 40 characters in length. Each component of the
DATA_SET ID is an acronym that identifies and reflects the corresponding (full-name)
component used in forming the DATA SET NAME. Within the DATA SET ID, acronyms are
separated by hyphens.

Multiple instrument hosts, instruments, or targets are referenced in a DATA SET NAME or
DATA_SET ID by concatenation of the values with a forward slash, "/", which is interpreted as
"and." The slash may not be used in any other capacity ina DATA SET ID.

6.2 Data Set Collection Naming and Identification

Each PDS data set collection must have a unique name (DATA SET COLLECTION NAME)
and a unique identifier (DATA SET COLLECTION ID), both formed from up to six
components. A data set collection may contain data sets that cover several targets, be of
different processing levels, or have different instrument hosts and instruments. Since the
individual data sets will be identified by their own data set names, some of this information need
not be repeated at the collection level. Therefore, the DATA SET COLLECTION NAME uses
a subset of the DATA_SET NAME components in addition to a new component, the collection
name, which identifies the group of related data sets. The components are listed here; valid
assignments for each component are described in Section 6.3:

Collection name

Target

Data processing level number (optional)
Data set type (optional)

Description (optional)

Version number

A DATA SET COLLECTION NAME must not exceed 60 characters in length. Where the
character limitation is not exceeded, the full-length name of each component is used. If the full-
length name is too long, an acronym should be substituted. Where possible, each component of
the DATA SET COLLECTION NAME should identify and reflect the corresponding
(acronym) component used in forming the DATA SET COLLECTION ID.

The DATA _SET COLLECTION _ID must not exceed 40 characters in length. Each component
is an acronym that identifies and reflects the corresponding (full-name) component used in
forming the DATA SET COLLECTION NAME.
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Multiple targets or data processing levels are referenced in the data set collection name or
identifier by concatenation of the values with a forward slash (/) which is interpreted as "and."

6.3 Name and ID Components

6.3.1 Restrictions on DATA_SET_ID and DATA_SET _COLLECTION_ID

Within the DATA SET ID and DATA _SET COLLECTION _ID, acronyms are separated by
hyphens. The only characters allowed are:

* Uppercase characters, A-Z

* Digits, 0-9

* The hyphen character,

* The forward slash, "/"

* The period character, ".", but only as part of a numeric component (e.g., "V1.0" but not
”C,A")

nn

6.3.2 Standard Acronyms, Abbreviations, and Assignments

This section details the standard acronyms and abbreviations required for formulating the
DATA SET ID and DATA SET COLLECTION_ID values. They are also recommended for
use, as appropriate, in the formation of other NAME- and ID-class element values. Standard
values for data dictionary elements mentioned in the following sections are listed in the PSDD.
New values are added to these lists as needed by the PDS data engineers.

1. Instrument host name and ID values are selected from the standard value list of the
corresponding PSDD entry (INSTRUMENT HOST NAME or INSTRUMENT HOST ID
data element). Note that the acronym EAR has been used for Earth-based data sets without a
specific instrument host.

2. Collection names and IDs are created as needed by the data preparers in conjunction with
the PDS data engineer. Current IDs and their corresponding names include:

GRSFE Geological Remote Sensing Field Experiment
[HW International Halley Watch
PREMGN Pre-Magellan

3. Target name values are selected from the standard values listed in the PSDD for the
TARGET NAME element. Target acronyms are selected from the following list:
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Target ID Target Name
A Asteroid
C Comet
CAL Calibration
D Dust
E Earth
H Mercury
J Jupiter
L Moon
M Mars
MET Meteorite
N Neptune
P Pluto
R Ring
S Saturn
SA Satellite
SS Solar System
U Uranus
\Y Venus
X Other, (e.g., Checkout)
Y Sky

NOTE: Satellites or rings are referenced in DATA SET NAMEs and DATA_SET IDs by
the concatenation of the satellite or ring identifier with the associated planet identifier; for

example:
JR Jupiter’s rings
JSA Jupiter’s satellites

If Jupiter data are also included in the ring and/or satellite data set then only Jupiter (“J”) is
referenced as the target.

Note that in some cases this component represents the TARGET TYPE rather than the target
name, for example:

A Asteroid

C Comet
CAL Calibration
MET Meteorite

Valid values for the TARGET TYPE data element are listed in the PSDD.

4. Instrument name and ID values are taken either from the corresponding PSDD element, or
from the following list of values designated for certain types of ancillary data:
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Names: INSTRUMENT NAME data element in the PSDD
IDs: INSTRUMENT ID data element in the PSDD
Ancillary Data: ENG or ENGINEERING for engineering data sets

SPICE for SPICE data sets

GCM for Global Circulation Model data
SEDR for supplemental EDR data

POS for positional data

5. Data processing level number is the National Research Council (NRC) Committee on Data
Management and Computation (CODMAC) data processing level number.

Normally a data set contains data of one processing level. PDS recommends that data of
different processing levels be treated as different data sets. However, if it is not possible to
separate the data, then a single data set with multiple processing levels will be accepted. Use
the following guidelines when specifying the data processing level number component of the
data set identifier and name:

(a) the processing level number of the largest subset of data or
(b) the highest processing level number if there is no predominant subset.

Level Type Data Processing Level Description
1 Raw Data Telemetry data with data embedded.
2 Edited Data Corrected for telemetry errors and split or decommutated into a data set for a given

instrument. Sometimes called Experimental Data Record. Data are also tagged with
time and location of acquisition. Corresponds to NASA Level 0 data.

3 Calibrated Data Edited data that are still in units produced by instrument, but that have been corrected
so that values are expressed in or are proportional to some physical unit such as
radiance. No resampling, so edited data can be reconstructed. NASA Level 1A.

4 Resampled Data Data that have been resampled in the time or space domains in such a way that the
original edited data cannot be reconstructed. Could be calibrated in addition to being
resampled. NASA Level IB.

5 Derived Data Derived results, as maps, reports, graphics, etc. NASA Levels 2 through 5.

6 Ancillary Data  Nonscience data needed to generate calibrated or resampled data sets. Consists of
instrument gains, offsets, pointing information for scan platforms, etc.

7 Correlative Data Other science data needed to interpret space-based data sets. May include ground-
based data observations such as soil type or ocean buoy measurements of wind drift.

8 User Description Description of why the data were required, any peculiarities associated with the data
sets, and enough documentation to allow secondary user to extract information from

the data.

N N Not Applicable
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6. Data set type provides additional identification if, for example, the CODMAC data
processing level component is not sufficient to identify the type or level of data. Following is
a list of valid IDs and names that may be used for this component.

NOTE: Several of the values in this table are currently unique to a particular mission (e.g.,
BIDR and MIDR were used on Magellan). These values may be used on other missions, if
deemed appropriate.

ID Name
ADR Analyzed Data Record
BIDR Basic Image Data Record
CDR Composite Data Record
CK SPICE CK (Pointing Kernel)
DDR Derived Data Record
(possibly multiple instruments)
DIDR Digitalized Image Data Record
DLC Detailed Level Catalog
EDC Existing Data Catalog
EDR Experiment Data Record
EK SPICE EK (Event Kernel)
FK SPICE FK (Frames Kernel)
GDR Global Data Record
IDR Intermediate Data Record
IK SPICE IK (Instrument Kernel)
LSK SPICE LSK (Leap Second Kernel)
MDR Master Data Record
MIDR Mosaicked Image Data Record
ODR Original Data Record
PCK SPICE PCK (Planetary Constants Kernel)
PGDR Photograph Data Record
RDR Reduced Data Record
REFDR Reformatted Data Record
SDR System Data Record
SEDR Supplementary Experiment Data Record
SPK SPICE SPK (Ephemeris Kernel)
SUMM Summary (data) (to be used in the browse function)
SAMP Sample data from a data set (not subsampled data)

7. Description is optional, but allows the data provider to describe the data set better — for
example, to identify a specific comet or asteroid. Following is a list of example values (both
IDs and names) that can be used for this component.
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ID Name

ALT/RAD Altimetry and Radiometry

BR Browse

CLOUD Cloud

ELE Electron

ETA-AQUAR Eta-Aquarid Meteors
FULL-RES Full Resolution
GIACOBIN-ZIN Comet P/Giacobini-Zinner
HALLEY Comet P/Halley

ION Ion

LOS Line of Sight Gravity

MOM Moment

PAR Parameter

SA Spectrum Analyzer
SA-4.0SEC Spectrum Analyzer 4.0 second
SA-48.0SEC Spectrum Analyzer 48.0 second

&. Version number is determined as follows:

(a) If there is not a previous version of the PDS data set/data set collection, then use
Version 1.0.
(b) If a previous version exists, then PDS recommends the following:

1.

If the data sets/data set collections contain the same set of data, but use a
different medium (e.g., CD-ROM), then no new version number is

required (i.e., no new data set identifier). The inventory system will handle
the different media for the same data set.

11. If the data sets/data set collections contain the same set of data, but have
minor corrections or improvements such as a change in descriptive

labeling, then the version number is incremented by a tenth. For example,
V1.0 becomes V1.1.

iil. If a data set/data set collection has been reprocessed, using, for example, a
new processing algorithm or different calibration data, then the version
number is incremented by one (V1.0 would become V2.0). Also, if one
data set/data set collection contains a subset, is a proper subset, or is a
superset of another, then the version number is incremented by one.

6.4 Examples

For a data set containing the first version of Mars Cloud Data derived from the Mariner 9, Viking
Orbiter 1, and Viking Orbiter 2 imaging subsystems, the data set name and identifier would be:



Chapter 6. Data Set/Data Set Collection Contents and Naming 6-9

"MR9/V01/v02 MARS ISS/VIS 5 CLOUD V1.0"
"MR9/V01/vV02-M-ISS/VIS-5-CLOUD-V1.0"

DATA SET NAME
DATA SET ID

In this example the optional data set type is not used. The other components are:

* Instrument hosts are Mariner 9, Viking Orbiter 1 and Viking Orbiter 2

* Target is Mars

* Instruments are the Imaging Science Subsystem and Visual Imaging Subsystem
* Data Processing Level number is 5

* Description is CLOUD

* Version number is V1.0

Note that the individual components in the DATA SET ID closely match the corresponding
components used in the DATA SET NAME.

The Pre-Magellan Data Set Collection contains radar and gravity data similar to the kinds of data
that Magellan collected and was used for pre-Magellan analyses of Venus and for comparisons to
actual Magellan data. In conversation the data set might be described as Pre-Magellan Earth,
Moon, Mercury, Mars, and Venus Resampled and Derived Radar and Gravity Data Version 1.0.
The data set collection name and ID were:

DATA SET COLLECTION_NAME

"PRE-MAGELLAN E/L/H/M/V 4/5 RADAR/GRAVITY
DATA V1.0"

DATA SET COLLECTION ID "PREMGN-E/L/H/M/V-4/5-RAD/GRAV-V1.0"
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Chapter 7. Date/Time Format

PDS has adopted a subset of the International Standards Organization Standard (ISO/DIS) 8601
standard entitled “Data Element and Interchange Formats - Representations of Dates and Times”,
and applies the standard across all disciplines in order to give the system generality. See also
Dates and Times in Object Description Language (Chapter 12, Section 12.3.2) of this document.

It is important to note that the ISO/DIS 8601 standard covers only ASCII representations of dates
and times.

ODL Date/Time Information

Chapter 12, Object Description Language (ODL) Specification and Usage, Section 12.3.2, Dates
and Times, of this document provides additional information on the use of ODL in date/time
formation, representation, and implementation.

7.1 Date/Times

In the PDS there are two recognized date/time formats:

CCYY-MM-DDTHH:MM:SS.sss (preferred format)
CCYY-DDDTHH:MM:SS.sss

Each format represents a concatenation of the conventional date and time expressions with the
two parts separated by the letter T:

CcC - century (00-99)

YY - year (00-99)

MM - month (01-12)

DD - day of month (01-31)

DDD - day of year (001-366)

T - date/time separator

HH - hour (00-23)

MM - minute (00-59)

SS - second (00-59)

Sss - fractions of second (000-999)

Note: See Section 7.4 “Midnight and Leap Seconds” for special cases involving the indication of
midnight and leap seconds.

The preferred date/time format is: CCYY-MM-DDTHH:MM:SS.sss.
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Date/Time Precision
The above date/time formats may be truncated on the right to match the precision of the
date/time value in any of the following forms:

1998

1998-12

1998-12-01
1998-12-01T23
1998-12-01T23:59
1998-12-01T23:59:58
1998-12-01T23:59:58.1
1998-12-01T23:59:58.12

7.2 Dates

Dates should be expressed in the conventional ISO/DIS 8601 format. On those rare occasions
when dates cannot be expressed in the conventional format, a native format may be used.

7.2.1 Conventional Dates

Conventional dates are represented in ISO/DIS 8601 format as either year (including century),
month, day-of-month (CCYY-MM-DD), or as year, day-of-year (CCYY-DDD). The hyphen
character (*-°) is used as the field separator in this format. The year, month, day-of month format
is the preferred format for use in PDS labels and catalog files and is referred to as PDS standard
date format, but either format is acceptable.

7.2.2 Native Dates

Dates in any format other than the ISO/DIS 8601 format described above are considered to be in
a format native to the specific data set, thus “native dates”. Native date formats are specified by
the data preparer in conjunction with the PDS data engineer. Mission-elapsed days and time-to-
encounter are both examples of native dates.

7.3 Times

The PDS allows times to be expressed in conventional and native (alternate) formats.

7.3.1 Conventional Times

Conventional times are represented as hours, minutes and seconds according to the ISO/DIS
8601 time format standard: HH:MM:SS[.sss]. Note that the hours, minutes, and integral seconds
fields must contain two digits. The colon (':') is used as a field separator. Fractional seconds
consisting of a decimal point (the European-style comma may not be used) and up to three digits
(thousandths of a second) may be included if appropriate.

Coordinated Universal Time (UTC) is the PDS time standard and must be formatted in the
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previously described ISO/DIS 8601 standard format. The letter "Z", indicating the civil time
zone at Greenwich (i.e., GMT), should never be appended to a UTC time. The relationship
between UTC and GMT has varied historically and with observer context. Note that in PDS data
sets created under earlier versions of the Standards, an appended “Z” is taken as indicating UTC.

The START TIME and STOP_TIME data elements required in data product labels and catalog
files are in UTC. For data collected by spacecraft-mounted instruments, the date/ time must be a
time that corresponds to “spacecraft event time”. For data collected by instruments not located
on a spacecraft, this time shall be an earth-based event time.

Adoption of UTC (rather than spacecraft-clock-count, for example) as the standard facilitates
comparison of data from a particular spacecraft or ground-based facility with data from other
sources.

7.3.2 Native Times

Times in any format other than the ISO/DIS 8601 format described above are considered to be in
a format native to the data set, and thus “native times”. The NATIVE START TIME and
NATIVE STOP_TIME elements hold the native time equivalents of the UTC values in

START TIME and STOP_TIME, respectively.

There is one native time of particular interest, however, which has specific keywords associated
with it. The spacecraft clock reading (that is, the “count’) often provides the essential timing
information for a space-based observation. Therefore, the elements
SPACECRAFT CLOCK START COUNT and SPACECRAFT CLOCK STOP COUNT are
required in labels describing space-based data. This value is formatted as a string to preserve
precision.

Note that in rare cases in which there is more than one native time relevant to an observation, the
data preparer should consult a PDS data engineer for assistance in selecting the appropriate PDS
elements.

Examples of quantities that may be expressed in native time formats include:

Spacecraft Clock Count (sclk)
Ephemeris Time

Relative Time

Local Time

b=

7.4 Midnight and Leap Seconds

The ISO/DIS 8601 standard for representation of midnight and leap seconds are also used in
PDS time fields.
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7.4.1 Midnight

Midnight may be indicated in one of two ways: as “00:00:00” or “24:00:00”. The usual
precision modifications apply as well —i.e. “24:00” is also recognized as midnight.

The “00:00:00” notation is used to indicate midnight at the beginning of a date. “24:00:00” is
used to indicate midnight at the end of a date. So, for example, the following two date/time
strings refer to precisely the same moment:

2007-04-07124:00:00 = 2007-04-08T00:00:00

When the hours field has the value “24”, any and all subsequent time fields mus¢ be zero.

7.4.2 Leap Seconds

Leap seconds may be positive or negative, but in either case are always applied at the end of the
day in question. A positive leap second is indicated with a time value of “23:59:60”. A negative
leap second is indicated by the omission of the time “23:59:59”. That is, on the day of a negative
leap second, the sequence leading through midnight is:

23:59:57
23:59:58
00:00:00
00:00:01

And on the day of a positive leap second, the sequence through midnight is:

23:59:58
23:59:59
23:59:60
00:00:00
00:00:01

Note that the only time when the seconds value of a time string may contain the value “60” is
when this represents a positive leap second.
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Chapter 8. Directory Types and Naming

The Directory Naming standard defines the conventions for naming directories on a data volume.
This chapter lists the standard directories established by PDS, plus the rules for forming
subdirectory names and abbreviations.

8.1 Standard Directory Names

When any of the following directories are included on an archive product, the following standard
directory naming conventions are used.

Directory Contents

CATALOG PDS catalog files

DOCUMENT  Documentation, supplementary and ancillary information to assist in
understanding and using the data products

EXTRAS “Value added” elements included by the data preparer, but outside the scope
of the PDS archive requirements

GAZETTER Tables of information about the geological features of a target

INDEX Indices to assist in locating data of interest
LABEL “Include” files which describe specific aspects of the data format and
organization

SOFTWARE  Utilities, application programs, or subprograms used to access or process the
data

The following standard directory names are recommended for use on archive volumes. Note that
these directory names are reserved for the uses described below. That is, if they appear on an

archive volume, they must contain the indicated information:

CALIB Calibration files used in the original processing of the data, or needed to use
the data

GEOMETRY  Files describing the observational geometry (e.g., SEDRs, SPICE kernels)
BROWSE Reduced resolution versions of data products
DATA Contains one or more subdirectories of data products. The DATA

subdirectory is used to unclutter the root directory of a volume by providing a
single entry point to multiple data subdirectories.
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Note that some data sets may not contain all the components above and, as a result, do not need
all of the directories listed. For example, many image data sets do not include geometry files and
so do not need a GEOMETRY directory. See the Volume Organization and Naming chapter of
this document for a list of required and optional subdirectories on any specific volume.

8.2 Formation of Directory Names

1. A directory name must consist of only uppercase alphanumeric characters and the
underscore character (i.e., A-Z, 0-9, or ““_”). No lowercase letters (i.e., a-z) or special
characters (e.g., “#”, “&”, “*”) are allowed.

2. Directory names must comply with the ISO 9660 Level 2 standard and not exceed 31
characters in length. Users are encouraged to keep directory names as brief as practical
in the interests of providing succinct file paths and easy to read directory listings. The
total length of the directory path and file name must not exceed 255 characters.

3. The first letter of a directory name must be an alphabetic character, unless the directory
name represents a year (e.g., 1984).

4. If numeric characters are used as part of the name (e.g., DIR1, DIR2, DIR3) the numeric
part should be padded with leading zeros up to the maximum size of the numeric
(DIR0001, DIR0002, DIR3267).

5. Directories which contain a range of similarly named files must be assigned directory
names using the portion of the filename which encompasses all the files in the directory,
with “X’s” used to indicate the range of values of actual filenames in the directory.

For example, the PDS Uranus Imaging CD-ROM disk contains image files that have
filenames that correspond to SPACECRAFT CLOCK START COUNT values. The
directory that contains the image files ranging from C2674702.IMG through
C2674959.IMG has the directory name C2674XXX.

6. Directory names must use full length terms whenever possible (e.g., SATURN,
MAGELLAN, CRUISE, NORTH, DATA, SOFTWARE). Otherwise, directory names
must be constructed from abbreviations of full-length names using the underscore
character to separate abbreviated terms, if possible. The meaning of the directory name
should be clear from the abbreviation and from the directory structure.
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For example, the following directory structure can be found on the Voyager 2 Images of
Uranus CD-ROM Volume 1:

ROOT —— ARIEL
—— DOCUMENT
— INDEX
—— OBERON
—— TITANIA
—— UMBRIEL
— UNKNOWN
—— URANUS — C2674XXX

C2675XXX

—— U _RINGS —

———— C2687XXX
—— C2674XXX

In this case, it is clear from the context that the directory U _RINGS is the abbreviated
form of URANUS RINGS.

7. High level directories that deal with data sets covering a range of planetary science
disciplines or targets shall adhere to the following hierarchy:

A Planetary science directory: PLANET
Planetary body subdirectories: MERCURY, MOON, MARS, VENUS, COMET
Discipline subdirectories: ATMOS, IONOSPHE, MAGNETOS, RING,

SURFACE, and SATELLIT
(Use satellite name if numerous files exist)

8. The recommended SOFTWARE subdirectory naming convention is described in the
Volume Organization and Naming chapter of this document. Either a platform-based
model or an application-based model can be used in defining software subdirectories. In
a platform-based model, the hardware platform, operating system and environment must
be explicitly stated. If there is more than one operating system/environment supported
they are addressed as subdirectories under the hardware directories. When there is only
one, the subdirectory may be promoted to the hardware directory.

For example, if software for the PC for both DOS and Windows were present on the
volume, the directories SOFTWARE/PC/DOS and SOFTWARE/PC/WIN would exist. If
only DOS software were present, the directory would be SOFTWARE/PCDOS.
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8.3 Path Formation Standard

The PDS standard for path names is based on Level 2 of the ISO 9660 international standard. A
pathname may consist of up to eight directory levels. Each directory name is limited to 31
characters; the forward-slash character (“/”’) is used as the separator in path names. The total
length of the directory path and file name must not exceed 255 characters. Path names typically
appear on PDS volumes as data in index tables for locating specific files on an archive volume.

They may also appear as values in a limited number of keywords (e.g.,
FILE SPECIFICATION NAME, PATH NAME, and LOGICAL VOLUME PATH NAME).

The following are examples of valid values for the keywords listed above:

TGISNXXX/TGISNIXX/TGISN12X/ identifies the location of the directory TG15N12X
at the third level below the top level of an archive
volume.

DOCUMENT/ identifies a DOCUMENT directory within the root
directory.

Note: The leading slash is omitted because these are relative paths. The trailing slash is
included so that concatenation of PATH NAME and FILE NAME will yield the full file
specification. See the File Specification and Naming chapter of this document for more
information.

Previous PDS standards allowed the use of the DEC VMS syntax for path names. While PDS
support for this format continues to exist, it is recommended that all future volumes use the
UNIX syntax instead.

8.4 Tape Volumes

When magnetic tape is the archive medium, a disk directory structure cannot be used because the
medium does not support multi-level directories. In this case, files must be stored sequentially.

A directory structure for the volume must be designed in any case, so that when the data are
transferred to a medium that supports hierarchical file management they can be placed into an
appropriate directory structure. A DIRECTORY object must be included with each tape volume
within the VOLUME object. This object is then used to describe how the sequential files should
be loaded into a hierarchical structure.

8.5 Exceptions to These Standards

In certain cases, the archive medium used to store the data, the hardware used to produce the data
set, or the software operating on the data may impose restrictions on directory names and
organization. In these cases, consult a PDS data engineer for guidance in designing the archive
volume structure.
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Chapter 9. Documents

Supplementary or ancillary reference materials are usually included with archive products to
improve their short- and long-term utility. These documents augment the internal documentation
of the product labels and provide further assistance in understanding the data products and
accompanying materials. Typical archive documents include:

* Flight project documents

* Instrument papers

* Science articles

*  Volume information

* Software Interface Specifications (SISs)
* Software user manuals

The PDS criteria for inclusion of a document in the archive are:

1. Would this information be helpful to a data user?
2. Is the material necessary?
3. Is the documentation complete?

In general, the PDS seeks to err on the side of completeness.

Each document to be archived must be prepared and saved in a PDS-compliant format, including
a PDS label. Documents are delivered in the DOCUMENT directory of an archive volume (see
the Volume Organization and Naming chapter of this document).

A flat, human-readable ASCII text version of each document must be included on the volume,
although additional versions may be included in other supported formats at the option of the data
producer. “Flat ASCII text” means the file may contain only the standard, 7-bit printable ASCII
character set, plus the blank character and the carriage-return and linefeed characters as record
delimiters. A file is “human-readable” if it is not encoded and if any special markup tags which
may be included do not significantly interfere with an average user’s ability to read the file. So,
for example, simple HTML files and TeX/LaTeX files with relatively little markup embedded in
the text are generally considered human-readable and may, therefore, be used to satisfy the above
ASCII text version requirement.

Note that the PDS takes the requirement for complete documentation very seriously. Documents
that are essential to the understanding of an archive are considered as important as the data files
themselves. Furthermore, including a document in a PDS archive constitutes publication (or re-
publication) of that document. Consequently, documents prepared for inclusion in an archive are
expected to meet not only the PDS label and format requirements, but also the structural,
grammatical and lexical requirements of a refereed journal submission. Documents submitted for
archiving which contain spelling errors, poor grammar or illogical organization will be rejected
and may ultimately lead to the rejection of the submitted data for lack of adequate
documentation.
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9.1 PDS Objects for Documents

PDS labels of documentation files use either the TEXT or DOCUMENT object, as appropriate.
The DOCUMENT object is usually used with documentation files found in the DOCUMENT
directory of an archive volume. Files described by a DOCUMENT object may be in any of the
formats described in Section 9.2.

The TEXT object may only be used with ASCII text files containing no markup. TEXT objects
are most often used for small text files occurring anywhere in the archive volume (for example,
the AAREADME.TXT file in the root directory or the DOCINFO.TXT file in the DOCUMENT
directory).

9.1.1 TEXT Objects

TEXT objects are preferred for stand-alone documents with a narrow focus. For example, the
AAREADME.TXT or DOCINFO.TXT files on the archive volume are usually labeled using a
TEXT object. Files described by a TEXT object must:

a) Be plain, flat ASCII files without markup tags (i.e., no HTML or TeX files), encoded
graphics (as in PostScript files), or programmatic structures (i.e., no source code files or
scripting commands); and

b) Have a file extension of “. TXT”

9.1.2 DOCUMENT Objects

DOCUMENT objects are preferred when several versions of the same file are provided or when
there are several component files constituting a single version of the document - for example,
when graphics are included in separate files from the text. Any file labeled using a
DOCUMENT object must:

a) Be in one of the PDS-approved formats listed below; and

b) Use the appropriate object characteristics (listed below) for the DOCUMENT object
parameters and the file extension.

DOCUMENT labels are most often combined detached labels, since attaching them to most of
the formats listed below would make the combined file unusable in its customary environment
(Microsoft Word, for example, cannot recognize “.DOC” files with attached PDS labels).
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Format Object Interchange Document Format File Extension
Format
Plain ASCII Text | ASCII DOCUMENT ASCII TEXT ASC
HTML HTML DOCUMENT ASCII HTML .HTM or HTML*
TeX TEX DOCUMENT ASCII TEX .TEX
LaTeX LATEX DOCUMENT |ASCH LATEX .TEX
Adobe PDF PDF DOCUMENT BINARY ADOBE PDF .PDF
MS Word WORD DOCUMENT |BINARY MICROSOFT WORD .DOC
Rich Text RTF DOCUMENT BINARY RICH TEXT .RTF
GIF GIF DOCUMENT BINARY GIF .GIF
JPG JPG_ DOCUMENT BINARY JPG JPG
Encapsulated EPS DOCUMENT BINARY ENCAPSULATED .EPS
Postscript POSTSCRIPT
PNG PNG DOCUMENT BINARY PNG .PNG
Postscript PS DOCUMENT BINARY POSTSCRIPT .PS
Tagged Image TIFF_DOCUMENT BINARY TIFF .TIF or .TIFF*
File Format

* See chapter File Specification and Naming regarding extensions with more than three
characters.

Example: “MYDOC” is a documentation file to be included in the DOCUMENT directory of an
archive volume. Two versions will be supplied: a flat ASCII version with the graphics in
separate TIFF files; and a Microsoft Word version with in-line graphics in a single file. In the
PDS label, “MYDOC” will be described using a DOCUMENT object for each different file
format provided. The files included in the directory will be:

1. MYDOC.ASC required ASCII version

2. MYDOC.DOC optional Microsoft Word version to retain all graphics

3. MYDOCO01.TIF optional scanned TIFF version of selected pages

4. MYDOCO002.TTF optional scanned TIFF version of other selected pages

5. MYDOC.LBL PDS label defining DOCUMENT object(s) for these files

Optional versions of the document should have the same file name as the required ASCII version
but with different extensions. Optional versions should be defined as additional DOCUMENT
objects in the single PDS label; the name of the required ASCII file should be indicated in the
text of the DESCRIPTION keyword.

9.2 Document Format Details

9.2.1 Flat ASCII Text

Line Length and Delimiters - PDS recommends plain text files have line length restricted to 78
characters or fewer, to accommodate printing and display on standard devices. Each line must be
terminated by the two-character carriage-return/linefeed sequence (ASCII decimal character
codes 13 and 10, respectively).
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Page Length and Breaks - Block paragraph style is preferred, with paragraphs being separated
by at least one blank line. The form feed character (ASCII decimal code 12) may be used to
indicate page breaks, in which case pages should contain no more than 60 lines of text. A
formfeed character should be inserted immediately after the END statement line of an attached
PDS label in these files.

9.2.2 ASCII Text Containing Markup Language

Line Length and Delimiters - The 78-character line length recommendation is dropped for
these files. Notwithstanding, the lines must be delimited by the carriage return/linefeed character
combination.

Page Length and Breaks - Page breaks are controlled by the markup in these files.
Consequently, there are no specific page length recommendations.

Note: ASCII files containing extensive markup may not pass the “human-readable” test. Also,
some automatic converters producing, for example, HTML files that might be expected to
be human-readable in fact add so many additional marks and notations that those files
also fail the “human-readable” test. Consult a PDS data engineer for help in determining
whether a particular file can be considered “human-readable” for archive purposes.

9.2.2.1 Hyper-Text Markup Language (HTML) Files

PDS archive products must adhere to Version 3.2 of the HTML language, a standard generalized
markup language (SGML) conforming to the ISO 8879 standard. All files are subject to
validation against the HTML 3.2 SGML Declaration and the HTML Document Type Definition.

Note: Constructs not defined in the HTML 3.2 standard (e.g., FRAME, STYLE, SCRIPT, and
FONT FACE tags) are not allowed in PDS documentation files.

9.2.2.2 Location of Files

PDS strongly recommends that targets of all HTML links be present on the archive volume. In
cases where external links are provided, the link should lead to supplementary information that is
not essential to understanding or use of the archival data.

PDS recommends that all files comprising an HTML document or series of documents be located
in a single directory. However, locating ancillary files (e.g., images, common files) in
subdirectories may be required under certain circumstances (e.g., to avoid conflicts in file names
or to minimize replication of common files).

9.2.2.3 Discouraged HTML 3.2 Capabilities

Although the APPLET tag is advertised to be supported by all Java enabled browsers, not all
applets execute on all browsers on all platforms. Further, some browsers require that the user



Chapter 9. Documents 9-5

explicitly enable use of Java applets before the applet will execute. Consequently, applets are
permitted in PDS document files only when the information they convey is not essential to
understanding or use of the archival data.

Use of the TAB character is permitted but strongly discouraged because of variations in
implementation among browsers and resulting misalignments within documents.

Use of animated GIF image files is discouraged.

9.2.3 Non-ASCII Formats

Wherever possible the specific encoding and version level information should be included in the
label for all non-ASCII documents. The ENCODING TYPE keyword is used to indicate the
base encoding type (e.g., PostScript, GIF, etc.), while the specific version information should be
included in the text of the DESCRIPTION keyword. See the PSDD for a list of standard
encoding types. Additional types may be added at the discretion of the PDS data engineer.

9.2.4 Validation

Documentation files prepared to accompany a data set or data set collection must be validated.
Validation consists of checking to ensure that the files can be copied or transmitted
electronically, and can be read or printed by their target text-processing program.
Documentation files should be spell-checked prior to being submitted to PDS for validation.

9.3 Examples

9.3.1 Simple Example of Attached label (Plain ASCII Text)

The following label could be attached to a plain ASCII text file describing the content and format
of Mars Pathfinder Imager Experiment Data Records.

PDS_VERSION_ID = PDS3

RECORD_TYPE = ST